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Art. XVI.— Examination of Dr. Croll’s Hypotheses of Geological 
Climates ; by Dr. A: WoErxKor, of St. Petersburg. 


THE hypotheses of Dr. Croll have attracted so general atten- 
tion in the last ten years, not only in Great Britain, but also in 
the United States and other countries, that a review of them 
by a meteorologist is, I think, desirable. This work is very 
timely now, because Dr. Croll has just published a new book on 
the subject* in which he further explains and extends his views 
and answers his critics; and besides he mentions in the preface 
the fact that he wishes to devote the following years to work 
in a wholly different direction. Thus we have now before us a 
system as complete as it is likely to be made by the author. 
It is not my aim to review the whole work of Dr. Croll on 
glacial Geology and Cosmology, but only to consider some 
points of it which are within my line of study. 

In his answer to Prof. Newcomb, Dr. Croll discusses the 
mean temperature of land and ocean,t and arrives at the start- 
ling conclusion that “the ocean must stand at a higher mean 
temperature than the land.” Now, since the mean and not sur- 
jace temperature is mentioned, the meaning of the author is, it 
seems, clear, but the result is entirely opposed to what we know 
to be true. Not only have the oceans, which receive cold 
currents from polar seas, a much lower mean temperature} than 


* Climate and Cosmology. Edinburgh, 1885. + Page 26 and following. 
¢ I understand the mean temperature as that of the whole column of water 
from top to bottom. 
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the land, but even seas which receive no such cold water, and 
are known as being very warm, such as the Mediterranean and 
Red seas, have a mean temperature considerably lower than the 
Jand. 

It might, perhaps, be remarked, that Dr. Croll’s startling 
statement is a simple ‘“/apsus penne,” and that he does not 
consider the mean temperature of the whole column of ocean 
water, but the mean annual temperature of the surface; yet it is 
clear, especially from the statement on page 33, that such is not 
the fact. Dr. Croll considers the difficulty in the sea of “get- 
ting quit of its heat as rapidly as the land,” and in this passage, 
as in the former, he seems to have forgotten entirely the mobil- 
ity of the particles of water, which is so extremely important a 
fact and which so essentially affects the thermal relations of 
water by the convection currents which it causes. A few pages 
earlier he mentions the mobility of the particles, but only as 
causing the removal of heat from the tropics by ocean currents, 
Dr. Croll seems to think that the high temperature of the sur- 
face of the ocean is caused by the difficulty in the water to get 
rid of its heat by radiation, as if, here as in the case of land, 
loss of heat by radiation cuused a low temperature of the 
surface. Now this is evidently not so, and the convection cur- 
rents arising as soon as the surface temperature sinks below 
that of the stratum immediately under it bring the latter to 
the surface and thus maintain constantly a higher temperature 
of the surface than that of the other strata, but are rather con- 
ducive to a loss of heat by the whole mass, as the colder water 
sinks to the bottom where it is out of the reach of the radiant 
heat of the sun, and receives heat only by the slow process of 
conduction.* 

Dr. Croll does not see that instead of “the difficulty in the 
water’s getting rid of its heat” he really considers the cause of 
the high temperature of the surface of the ocean, and here 
misses the most efficient cause. 

The next point I have to notice is this: “The quantity 
of heat lost by expansion must therefore be trifling in compar- 
ison of that lost by radiation; and, although the heat lost by 
expansion is fully restored by compression, yet the air would 
reach the earth nearly entirely deprived of the heat with which 
it left the equator. All that it could possibly give back would 
be the heat of compression, and that would hardly be sufficient 
to raise the air at 50° F. to the freezing point.”+ 

As before, Dr. Croll mentions the temperature of the upper 
atmosphere, even under the equator as being 80° /. below freez- 


* I consider here the case of a body of water having constantly a higher tem- 
perature than that of the maximum density. The oceans are certainly in that 
state. + Pages 25 and 26. 


I 


Woeikof—Croll’s Hypotheses of Geological Climates. 1638 


ing point, and as this is reached, according to him, at sucha 
height that the air, returning toward the surface of the sea, 
would be warmed to the freezing point, it is clear that, in his 
opinion, the atmosphere is in a state of wnstable equilibrium, be- 
cause otherwise the temperature at which the upper strata arrive to 
sea level would not be lower than the existing temperature of the 
lower strata, but, in Dr. Croll’s opinion, it is by 48° F. lower, as 
the mean temperature of the equator is about 80° F. and the 
air of the higher regions, in sinking to sea level, would bring 
with it a temperature of 82° F. 

Now if really the case was such, if there existed an unstable 
equilibrium, why do not convection currents of great magni- 
tude arise in our atmosphere and bring a temperature of 32° to 
the sea level at the equator ? 

The reason why such convection currents do not arise is, that 
the normal state of the air is that of stable equilibrium, even a 
very stable one, so that, if by any cause the higher strata be 
forced down, they would acquire by compression a much. 
higher temperature than the lower have. 

An unstable equilibrium, a few cases excepted,* does exist in 
the lower strata, but only to a few thousand feet, and this only 
during daytime, when the surface of the ground is much heated 
by the sun. It disappears about sunset, even somewhat earlier. 
It does not happen in winter in high and even in higher middle 
latitudes (say from 50° onward). All this has been established 
by so numerous observations in mountain countries and on 
balloons that it can scarcely be doubted. In any case, if Dr. 
Croll is in doubt concerning such well known facts, that is, if 
he doubts that between the lower strata of air and those some 
tens of thousands feet high there exists a stable equilibrium, the 
onus proband rests with him. In fact, a temperature —50° F, 
must be found at such a considerable height above sea level 
that the air, if foreed down, would arrive warmer and not 
colder than the air existing at sea level. 

Besides, I maintain that the radiation of particles of air is 
but a very trifling cause of loss of heat by our globe, and that 
by far the principal causes of it are the radiation of the surface 
of the ground (or snow) and that of the surface of the water. 
If the lowering of temperature of the surface of land and of 
the air be considered, the loss of heat by radiation of the sur- 
face of the ground (and snow) is by far the most important. I 
can much better agree with Dr. Croll in what he remarks about 
the conservative character of snow once formed, though, as will 
be seen further on, I do not agree as to the importance of winter 
in aphelion during high eccentricity. 

Further, I think Dr. Croll does not well understand the 


* For example, in thunder-storms, hail-storms, ete. 


i 

+ 

4 

a 

4 


164 Woeikof—Croll’s Hypotheses of Geological Climates. 


cause of the fogs, which have been so often noticed in high 
latitudes in summer. He thinks the fogs are caused directly 
by the melting of the snow, and that, by interposing a screen 
between the sun and the snow, they are effectual in lessening 
the amount melted. 

The melting of the snow by the sun has not by itself power 
to cause fogs. On extensive continental regions of Europe, 
Asia and America, snow lies in winter and is melted from 
March to June, yet fogs are of exceedingly rare occurrence 
during that time, and they are more frequent at night. They 
are rather instrumental in preventing the loss of heat by ra- 
diation than the heating influence of the sun’s rays. In the 
same regions fogs are frequent in autumn, during anti-cyclones. 
The cause of these fogs is the same as that of the London fogs, 
that is, the temperature of the river or lake water is much 
higher than that cf the air, and thus the vapor is soon con- 
densed. Neither are fogs common in summer over mountain 
glaciers, notwithstanding the great amount of melting, but fogs 
are experienced on the sea, in the vicinity of melting ice, be- 
cause here we have two masses of air of unequal temperature, 
both nearly saturated, and their mixture must produce satura- 
tion, that is—fogs. Thus it is easy to see that fogs are not 
necessary followers of the melting of snow and ice per se; 
some other conditions are necessary for them, and Dr. Croll is 
right in saying about a glaciated country, at some distance from 
the sea, “‘foyvs prevent, to a great degree, the melting of the 
snow and ice.” 

Mr. A. R. Wallace* has mentioned that in northern Siberia 
the powerful sun of June cannot melt the snow until warm 
southerly winds bring in warm air, In so far as the beginning 
of melting depends on this, I am quite of the same opinion; 
but Dr. Croll is wrong in extending too much the influence of 
these southerly winds, and in believing them to prevail in sum- 
mer on the north coast of Siberia. On the contrary, cold winds 
from the sea prevail in summer and certainly chill the air, 
whilesoutherly winds prevail in winter. Thus Dr. Croll’s state- 
ment of “matters would be still worse if these southerly winds, 
instead of ceasing, were simply to change from June and July 
to December and January, for then, instead of producing a 
melting effect, they would greatly add to the snow-fall’+ is re- 
alized, as far as the winds are concerned; but the snow-fall of 
winter is exceedingly light, because the southerly winds come 
from the colder interior of the continent, and besides they are 
descending winds, and in descending become relatively dry. 
We know these facts from the observations of Wrangell and 
Anjou at Nijnekolymsk and Ustjansk, and they were con- 


* Island Life. +P. 88. 
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firmed by the late observations of the Russian polar station of 
Saygastyr, at the mouth of the Lena.* 

Dr. Croll returns over and over to the importance of knowing 
the temperature of space, as well in ‘Climate and Time’ as in 
his new book, and in the latter he is rather in favor of a lower 
value for it than that of Herschel and Pouillet, which he adop- 
ted in ‘Climate and Time.’ He thinks this knowledge “ of the 
utmost importance for the determination of the temperatures 
which obtained during high. eccentricity and winter in aphe- 
lions, and repeatedly he admits that the temperature of a place, 
other things being equal, is proportional to the heat received 
from the sun. ‘To make us quite sure of his meaning, he has a 
table in ‘Climate and Time,’ p. 320, where he gives the value of 
excentricity for different periods, and the midwinter tempera- 
ture of Great Britain for periods of great excentricity and win- 
ter in aphelion. So for example it was, according to him: —6°03° 
F. 850,000 yearsago, when the excentricity was 0°0747 ; 1-03 F.° 
210,000 years ago, excentricity 0°0575, ete. The temperatures’ 
of Great Britain are evidently given only as an illustration, and 
there is no doubt that a similar decrease of temperature was 
experienced, according to him, even in the midst of the Atlan- 
tic Ocean. Admitting even the present mean winter tempera- 
tures there to be 6° F. higher than in Great Britain at the same 
latitude, we would then have, at the highest excentricity with 
winter in aphelion —6-03° F. and 4:07° F. 210,000 years ago ; 
that is, temperatures which were possible only if the ocean were 
covered with solid ice, which is an impossibility with anything 
like the present geographical conditions; and Dr. Croll repeat- 
edly admits that they have not changed since the glacial epoch. 

It is strange that Dr. Croll has not tried how his method 
works when applied to the existing mean temperatures of dif- 
ferent latitudes. The mean temperatures from 10°S. to 10° N. 
have been calculated by different scientists; I use the calcula- 
tion of Ferrel as the most recent. The mean temperature of 
January can be considered as the result of the position of the 
earth toward the sun at the winter solstice. Thus if we com- 
pare the mean January temperature of 50° and 60° N. we have 

50° N. 21°38. 60° N. 1:7. 
The quantity of solar heat received at the winter solstice on 
the 60° N. is but 0°35 of that on the 50° N. Thus, if the tem- 
perature of the former was less in proportion to the quantity of 
solar heat received it should be —147° F. It is easy to see 
how large the discrepancy is. 

Dr. Croll ascribes the relatively small decrease of tempera- 
ture with latitude to the influence of ocean currents, which ab- 

* Izviestia of the I. Russ. Geogr. Soc., 1885, N. S. 
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stract warm water from the tropics and bring it to high lati- 
tudes. But on the 60° N. there is considerably more land 
than on the 50° N., and air over the land under 60° N. is 
colder than over the sea. 

But to be quite sure to get beyond the influence of ocean 
currents, I will take the mean January temperature in the 
strictly continental climate of Eastern Siberia, under 120° E. 
According to Ferrel’s tables : 


Under 50° N. we have oO” FF, 
“ 60° N. we have —30° F. 


If the January temperature decreased from 50° to 60° N. 
according to the hypothesis of Dr. Croll, it should be on the 60° 
N., —155° F. 

But to be quite sure of taking the most favorable case for the 
hypothesis of Dr. Croll, I take the highest January temperature 
on the 50° N. in Ferrel’s tables, that is, that on 20° E. =44° F., 
and the coldest January temperature on the 60° N., that is, that 
of 120° and 180 E.= —30° F. Yet, in proportion to the quan- 
tity of heat received, the mean temperature of January on 60° 
N. should be —140° F. 

The following table gives the results of the three cases con- 
sidered : 


ly ¢ | Mean temperature 60° N. 
| seam Sempera- thehypothe-, Difference. 
| ture 50° N. is of Dr. Croll. Actual. 


| 


Mean January tempera- 
ture of all meridians -- 
Mean January tempera- 
ature in 120° EK. (Kast 
Mean January tempera- 
ture of warmest meri- 
dian 50° N., and cold- 
est meridian on 60° N_ 44 —30 110° 


If the discrepancies are so great in taking even the means of a 
whole parallel, or strictly continental climates, and even in the 
last example, how much must Dr. Croll’s calculations for Great 
Britain be wrong? In so oceanic a climate an equal difference 
in the amount of sun-heat will certainly cause a smaller fall of 
temperature. 

I give another example which shows how little the method of 
Dr. Croll is applicable even to the mean annual temperatures. 
In chapter 1X of ‘Climate and Cosmology,’ he states that the 
difference of temperature between the equator and the north 
pole ought to be at least 200° F., if they were in proportion of 
the heat received from the sun and the temperature of space 
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(—239° F.) was taken as the initial; but actually the difference 
is but 80° F. This small difference, as he thinks, is caused by 
the ocean-currents, which carry an immense quantity of heat 
from low to high latitudes. That ocean-currents have a great 
influence on the temperature of our earth I do not deny, but it 
is not so great as Dr. Croll believes. 

To prove this I will take two places in as different latitudes 
as possible, and both not influenced by the ocean-currents. 
The first is Iquitos, on the Amazon, 8$° S. and about 300 feet 
above sea-level. The meat yearly temperature is 76-4° F. 
The reduction to sea-level would make it about 77°8° F., and 
the reduction to the temperature of the equator would give 78°3. 
Now Iquitos is more than 1,000 miles from the Atlantic, and, 
although nearer to the Pacific, yet separated from it by the chain 
of the Andes. It is to be admitted, then, that the place gives 
us a good idea of the temperature near the equator, uninflu- 
enced by the heat-abstracting influences of ocean-currents. The 
other place which I choose for comparison is Verkhojansk, in 
N. E. Siberia, under 67° N.,and having the coldest winter 
known on our globe, (January, —56° F.) It will, I think, be 
readily admitted that this place is out of the influence of ocean- 


currents, bringing heat from low latitudes, and in most favora- 
ble circumstances for radiation of heat. The mean yearly tem- 
—— of this place is 19° F., the reduction to sea-level may 


ring it to about 2°5.* 
Thus we have, outside of the influence of ocean-currents, the 
following mean yearly temperature at sea-level : 


Equator 
L. N. 


Difference, 75°8 


Reasoning on the premises of Dr. Croll, we ought to expect 
a difference of 172° F. between the equator and 67° N. The 
actual difference is less than half that amount, scarcely over two- 
fifths ; yet heat is certainly not abstracted from the vicinity of 
the equator, in the interior of South America, by ocean cur- 
rents, nor are the continental regions of N. E. Siberia warmed 
by ocean-currents. 

The Rev. O. Fishert has already proved that if Dr. Croll’s 
reasoning were right, the mean temperature of the equator 
should be by 21° F. higher in January than in July, on account 
of the greater proximity of the earth to the sun in the former 
month, while it is known that at most places on the equator 

* The actual height is not known, but is in any case small. 


+ ‘ Nature,’ vol. xxi, page 129; reprinted in ‘Climate and Cosmology,’ ch. iv, 
omitting some passages relating to the Rev. Fisher. 
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even the warmest and coldest months (which are generally not 
January and July) do not differ even by 3°, and nowhere as 
much as by 5°. 

Dr. Croll has answered the Rey. O. Fisher,* and this answer 
is a curious example of the difficulties in which he has involved 
himself. The question as to why the annual range on the equator 
is so small is a very simpleone. The quantity of heat received 
from the sun does not vary more than in the ratio of 100: 115 
and, besides, the observations on which depends our knowl- 
edge of the temperature of the equator, were mostly made on 
the sea-coast, two good reasons indeed for a small annual range. 
On the 50° N. the quantity received on the days of the winter 
and summer solstices vary in the ratio of 100:562, and yet in 
some places of England the yearly range is not above 20° F., 
and nowhere above 27° F. Thus it is the small annual range 
in many regions of the middle and high latitudes which much 
more needs explanation. Dr. Croll, in his reply, expresses the 
opinion that the Northern hemisphere is the dominant one, 
and, as the whole earth has a higher temperature in July than 
in January, so by the operation of this cause, the normal excess 
of the temperature of the equator in January is weakened and 
even abolished. I replied to this, that the temperature on the 
equator was nearly entirely influenced by cold winds, from 
cold ocean-currents, in some regions (the West coasts of Africa 
and America and the adjoining parts of the Pacific and Atlan- 
tic), and in these the equator was considerably colder in July 
than in January. For example, at the island of St. Thomas, 
West Africa, by 2°7. The cold winds come from the South, 
while winds from the North seldom reach the equator, and can 
never have a depressing influence on the temperature. In most 
places the temperatures on the equator were influenced by the 
rainy season, so that when it was at its height in January, this 
month was cooler than July, (this is the case even in Batavia, 
7° S.), while when January was dry and July rainy, the former 
month was warmer, not only on the equator, but even to some 
degrees north of it. Sv for example, it is warmer by 7-2 at Lado, 
Upper Nile 5° N., and by 3:4 at Freetown, Sierra Leone, 
83° 

All this is, I think, conclusive enough, and proves that Dr. 
Croll’s system of estimating temperatures breaks down when tested 
seriously. Small errors would be quite natural in a question of 
that kind, but I have shown that the errors are enormous, amount- 
ing to 100° F., and more; that is, they are greater than the dif- 

— of annual temperature between the equator and the North 
pole. 


*‘ Nature,’ vol. xx, p. 577. 
+‘ Nature,’ vol. xxi, p. 249; reprinted also in this Journal, 1880. 
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There is certainly a mistake somewhere; or, rather the whole 
method is a failure. How can we judge of the change of tem- 
perature resulting from this or that distance from the sun, even 
if we knew accurately the temperature of space,* when we do 
not know the diathermancy of the atmosphere under different 
conditions? We know only that it is exceedingly different, 
according to the different quantities of carbonic acid and aque- 
ous vapor contained in it, and in a far higher degree, according 
to the absence or presence in different quantities of suspended 
liquid and solid particles (clouds, dust, smoke, ete.) Thus, 
when we do not know in how far the loss of heat is impeded, 
even an accurate knowledge of the temperature of space would 
be of small use in this matter. I will illustrate this by a homely 
example. Take a room where the fire is extinguished and the 
hearth or stove cold in the evening, and try to guess at the 
temperature the room will have in the morning. If we fol- 
lowed the method of Dr. Croll, we should inquire only about 
the outside temperature, and not about the thickness of the 
walls, the windows, etc. I think that, taking the average con- 
struction of Russian, English and Italian houses, if the inside 
temperature was in all three cases 60° in the evening, and the 
outside temperature —20 in Russia, 32° is England and 45° in 
Italy, the morning temperature in the room would not be very 
different, and probably even higher in the Russian room, owing 
to its thick walls, double windows, etc. It is also interesting 
to note, that a calculation, by the method of Dr. Croll, of the 
mean January temperature of 60° N., as stated above, gives 
lower figures than the extreme minima anywhere observed by 
reliable thermometers; this latter is about —81°4 F. (—63° C.) 
Neither in the coldest parts of northeastern Siberia, nor in the 
highest latitudes of Greenland and Grinnell Land, have lower 
temperatures been noted, and yet in Flacberg Beach the sun is 
absent from the horizon more than fourmonths. The lower we 
uke the temperature of space, the more conspicuous is the 
tenacity with which the surface of the earth and the lower stra- 
tum of air retain a relatively high temperature. 

Dr. Croll says in ‘Climate and Time,’ p. 43: “The stoppage 
of all currents would raise the temperature of the equator 55°, 
that is, give it a mean temperature of 185°.” Now such a 
temperature is not only above anything known on the globe as 
the mean temperature even of a single month, but the absolute 
maximum known by exact observations does not exceed 131° 
F. (65° C.) Though Dr. Croll repeatedly and quite rightly 
points out the far greater influence of ocean currents over air 
currents in modifying the temperature of the globe, he, quite 


*I just see that Prof. Langley claims to have determined the temperature of 
Space, but the actual figures and all details are still wanting. 


| 
} 
i 
4 
| 
J 
iq 
i 


170 Woeikof—Croll’s Hypotheses of Geological Climates. 


unexpectedly, expresses an opinion as to the power of air-cur- 
rents in cooling the temperature of the ground and air at the 
which ought not to remain unchallenged. ‘“ No knowl- 
edge whatever as to the intensity of the sun’s heat can be ob- 
tained from observations on the temperature of the air at the 
equator. The comparatively cold air flowing in from tempe- 
rate regions has not time to be fully heated by the sun’s rays 
before it rises in an ascending current and returns to the 
temperate regions from whence it came. More than this, these 
trades prevent us from being able to determine with accuracy 
the intensity of the sun’s heat from the temperature of the 
ground ; for the surface of the ground in equatorial regions is 
kept at a much lower temperature by the air blowing over it 
than is due to the intensity of the sun’s heat.”* Certainly no 
physicist or meteorologist ever thought of a determination of 
the sun’s heat by observations on the temperature of the air or 
the ground, on the equator or elsewhere. But Dr. Croll evi- 
dently thinks that this would be possible on the equator, were 
it not for the influence of cool winds from temperate regions ! 

Let us first consider how far facts corroborate this opinion. 
According to Ferrel’s tables, the mean annual temperature of 
10° N. is 81° F.; of the equator 80° F.; thus the equator cannot 
be cooled by winds from the northern hemisphere, as the low- 
est latitudes of the latter are warmer than the equator, The 
cool winds must come from the south. Yet the mean annual 
temperature of 10° S. is 78°7, that is, only 1°4 lower than the 
equator. Evenin July, the winter of the Southern hemisphere, 
the difference amounts to but 8°8, that is, in the annual mean 
to 0°14° F. for a degree of latitude, in July to 0°38° for the 
same. The greater part of the equatorial regions consists of 
ocean and islands, where, at least south of the equator, the 
trade-winds ‘are prevailing. They are not strong winds, a few 
ocean regions excepted, they have a direction from the east- 
ward and, blowing over very large extents of sea, they bring to 
the equatorial regions the temperature which prevails over the trop- 
teal seas. There can be no question of an influence of aerial 
currents from the middle latitudes on the temperature of the 
equator and the latitudes 10° N. to 5° S. at least. Two exam- 
ples show how the thermal influence of stronger winds than 
the trades nearly disappears as soon as they have blown over 
an extent of about 1000 miles of sea. The coldest region of 
the tropics in winter is Southern China. Near Canton frosts are 
not rare in winter, the northeast monsoon blows as a strong, 
steady wind towards the coast of Cochin China, and yet at 
Saigon, but 124° south of the tropic, the mean temperature of 
January is not below the normal of the parallel. 


* Climate and Cosmology, Ch. 1V, and ‘ Nature,’ vol. xxi, p. 129. 
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We have— 
Mean temperature of January. 


Canton, 23° N 
Hongkong (Victoria) 22° N 
Saigon, 11° N 
Thus, between Hongkong and Saigon, the difference per de- 
gree of latitude is 1°8° F. while the mean difference in Janu- 
ary between 10° and 20° N. is 0°77° F. per degree of latitude. 
Thus we see, that when a cold wind from the middle latitudes 
reaches the borders of the tropical zone, it is soon warmed on 
passing over the broad expanse of the seas, and already north 
of 10° N. the cooling influence is not felt. The exceedingly 
small difference of temperature on the zone between 10° N.— 
10° S. is a proof that the cooling influence of winds from 
middle latitudes is not felt there. Another cold wind reaches 
the tropical zone—the famous Norther of the Gulf of Mexico. 
This is not a steady wind like the northeast monsoon of China; 
but a cold wind blowing at times with the utmost violence. 
At the mouth of the Rio Grande (26° N.) frosts happen every 
winter, and even temperatures of 23° have been observed dur- 
ing Northers. The latter are frequent and dangerous at Vera 
Cruz (19° N.) but the temperature does not sink below 59°-51° 
F. and below the exposed, relatively very cold plateau of 
Tarifa, on the isthmus of Tehuantepec. Owing to their ex- 
treme violence, the Northers keep for a longer distance a much 
lower temperature than other winds of the tropical zone. Not- 
withstanding the Northers, the mean January temperature of 
Vera Cruz (71°7) is not below the mean for the latitude. On 
the extensive wooded plain of the upper Amazons, weak winds 
and calms prevail a great part of the year; and the S. E. 
winds of the drier months have so little power of cooling the 
air that at Iquitos the absolute minimum during a year was 
66°8 F. It is clear that in continental regions also, coid winds 
from the middle latitudes do not reach the equatorial zone. It 
may be fairly asked, where and how did Dr. Croll get his opin- 
ion about the cooling influence of winds from middle latitudes 
on the temperature of the equatorial regions? Would it not 
have been better to inquire about some of the best known 
facts of climatology, before speculating “a perte de vue” and 
bluntly stating that the mean temperature of the equator 
would be 55° above what it is now, if it was not for the heat- 
abstracting action of ocean-currents. In fact, on the Upper 
Amazons there is no such heat-abstraction, and aérial currents 
certainly cannot have a cooling influence of even a degree F., 
and yet the mean temperature reduced to sea-level is not any- 
thing like 185° F., but below 80°. Besides the immense influ- 
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ence of the diathermancy of the atmosphere and its enormous 
variations in time and place, another exceedingly important 
consideration has been overlooked by Dr. Croll, viz: the very 
great difference of continent and ocean in the matter of temper- 
atures, the fact that an equal loss of heat expressed in calories 
will have a very different influence on temperatures, both on 
account of the great caloric capacity of water and of the mo- 
bility of its particles. I must add that the latter condition is 
too often lost sight of not only by Dr. Croll, but by many 
other scientists in their speculations on the influence of a solid 
or liquid substratum on the distribution of terrestrial tempera- 
tures. Besides we have the formation of ice on the waters, 
which also has a great influence on the temperatures. 

Thus it is easy to see, that the question how great will be 
the temperature of the air at a given place, say in midwinter, 
when the distance from the sun is greater or less than at present, 
cannot be answered, even approximatively, especially in the 
exceedingly crude way it is put by Dr. Croll, that is, without 
distinguishing high and low latitudes, continent and ocean, ete. 
One thing is certain, that such a change will certainly have a 
greater influence on the temperatures in the interior of conti- 
nents than on the oceans and their borders. The caloric capac- 
ity of water is so great, and the mobility of its particles so 
effectual in resisting a lowering of the surface temperature, by 
the convection currents it causes, that I doubt very much if, 
during a great excentricity and winter in aphelion, the surface 
temperature of the oceans can be lower in winter than now: 
the difference in the quantity of sun-heat is too small and too 
short-continued to give an appreciable difference in winter ; 
and, as in the year there is no Sienie in the quantity of heat 
received by the waters, I think there will be no difference in 
the temperature of the waters, and thus no influence of great 
excentricity with winter in aphelion on the ocean temperatures, . 
and also no greater snow-fall than now. As to the continents, 
I admit that, though we are unable to calculate the rate of de- 
crease of temperature of the winter months in these conditions, 
there is no doubt that zt will be appreciable, and be the greater the 
less a given place is under the influence of the seas. 

But what has this to do with glaciation? Even now, the 
temperatures in the interior of large continents are low enough 
in mid-winter to allow of the snow remaining on the ground 
for some weeks, not only under 45° N., but even under 40° N. 
And yet, we have no glaciers on the North American conti- 
nent, which reaches to 71° N. and on the Asiatic, which reaches 
to 78° N., except in high mountain regions, because the snow- 
fall of winter is so small that it is melted in summer. Even 
the mountains of Northeast Siberia have no glaciers. 
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The greater part of the snow which lies on the ground in 
Northeast Siberia falls in autumn, when the air contains vapor 
of water enough to allow of a great precipitation ; the snow- 
fall of winter contributes very little. Now what would a 
further lowering of the temperature of winter produce? A 
further diminution of the quantity of the falling snow. It 
would thus even be melted sooner in the warmer, summer 
months. The cold of winter in the interior of large continents, 
of high latitudes, especially that of Asia, has a very important 
indirect result: the high pressure and the resulting cold and 
dry winds of winter, especially toward the south and east of 
the region of high pressure. These winds, the cold, dry win- 
ter monsoon winds of Eastern Asia are unfavorable to snow- 
fall; so that in the interior of Transbaikalia with a mean 
winter temperature of —18° F. and below, there is generally 
tdo little snow for sieighing, and if the quantity of snow falling 
near the mouth of the Amoor is larger, it falls almost entirely 
in October and November, that is, at the beginning of the cold 
season, and in the few days with east winds, which bring warmer 
and moister air from the seas, not yet frozen in these months. 
A lower winter temperature and an earlier beginning of the 
cold in the interior of Asia would increase the pressure toward 
the north and the interior of the continent, and thus give a 
greater impetus, strength and duration to the dry northwest 
winds, which is thus less favorable to snowfall and an accumu- 
lation of snow. 

In summer the winds in Eastern Asia are southeast, and 
carry clouds and rain far inland. Owing to the high tempera- 
ture of the continent and of the surrounding seas, rain and not 
snow, falls on great heights, such as that of 15,000 feet in the 
mountains of Kansu in Western China (37° N.) Thus the 
heavy rains of summer are not favorable to an accumulation of 
snow, but on the contrary assist in melting the small quantity 
which may remain on the ground. 

During a high excentricity and winter in aphelion the tem- 
perature must be higher in summer and this would cause a 
lower pressure on the plateaus in the interior of Asia. This 
would increase the difference of pressure between the ocean 
and the interior of the continent and give a greater impetus to 
the moist winds and bring larger quantities of rain at least 
where the air is ascending. Such conditions would then favor 
the melting of snow at a greater heightthan now. At present, 
in Northern Thibet, for example, permanent snow is found at 
17,000 feet; then it would disappear perhaps even from a 
height of 20,000 feet. 

The climatic conditions of Asia show us, so to say, the nor- 
mal reactions between continent and ocean. Everywhere there 
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is a tendency toward a higher pressure in the interior of conti- 
nents in winter and on the oceans in summer, and to winds 
from the first in winter, from the second in summer, that is, 
there are what Coffin calls monsoon influences. A colder winter 
in the interior of the continents, with an unchanged tempera- 
ture on the oceans, would certainly strengthen the winter winds 
from the interior, and thus bring more cold, dry weather than 
is experienced now, and reduce the prezipitation in winter. 
Such conditions are certainly not favorable to a greater accum- 
ulation of snow than the now prevailing. The Ural mountains 
have, as well as those of Norway, prevailing west winds, and a 
much colder winter, but on account of the smaller snowfall, no 

ermanent snow and no glaciers, while the west side of the 
Coeelinainn mountains has enormous glaciers. If a high 
excentricity and winter in aphelion can have a considerable 
influence on climates, it would give to Western Europe colder 
winters with a greater proportion of dry east winds and warmer 
summers, both conditions unfavorable to glaciation. It has 
long seemed to me that those who have expressed an opinion 
on the favorable influence of winter in aphelion on glaciation, 
from Adhémar to Dr. Croll and his followers, have been influ- 
enced by the present difference of the northern and southern 
hemispheres. The glaciation is far more prevailing in the latter, 
and this has been ascribed to winter in aphelion on the well- 
known principle “post hoc, ergo propter hoc,” as it gave a 
ready explanation of the former glacial periods of the northern 
hemisphere. I am quite sure that Dr. Croll was also influenced 
by the present differences of both hemispheres. 

Dr. Croll has long been an advocate of the wind theory 
of ocean currents and has proved that, at present, a considerable 
quantity of warm waters is brought by these currents from the 
southern to the northern hemisphere, serving to warm the lat- 
ter. In these two questions he has rendered a good service to. 
science. T'he transport of warm waters from the southern to 
the northern hemisphere is a fact, but what is the cause? Dr. 
Croll believes the cause to be, at least indirectly, winter in 
aphelion, which brings, especially during high excentricity, but 
to a certain degree even now, a host of other indirect results, by 
which the given hemisphere is cooled, its trade-winds are 
strengthened, and bring the more warm water into the other 
hemisphere, the higher the excentricity. I have shown above 
that the cause assigned by Dr. Croll is inadequate to cause any 
considerable lowering of temperature on the ocean in winter, 
and that even the small difference, perhaps possible, must be 
regained in summer. Thus winter in aphelion can not bring 
any change in the velocity of the trade-winds and their more 
southerly extension when winter in aphelion exists in the 
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northern hemisphere, and the reverse during winter in aphelion 
in the southern hemisphere. Why then are the trades of the 
southern hemisphere blowing in the northern at present and 
also why are the conditions more favorable to glaciation in the 
southern than the northern hemisphere? There are certainly 
good reasons for that. 

1. The extent and depth of the oceans of the southern hemi- 
sphere. ‘This gives a greater steadiness and force to the winds 
of that hemisphere, and the difference is even more marked if 
we compare the westerly witids of middle latitudes rather than 
the trades, though also weli seen in the latter. Now land acts 
in two ways on the trade-winds; it weakens them, first, by the 
increase of friction. But this is not all. The trades, few ocean 
regions excepted, are not strong winds, they are important on 
account of their extent and steadiness. The gradient which 
causes them is small. Now in such cases land, even if it is not 
a continent but only a cluster of small islands, has a great influ- 
ence on trade-winds in causing local gradients which may have 
even an opposite direction to the general gradients, thus causing 
different and even opposing winds. The land- and sea-breezes 
and the monsoons are cases in point. Even where the disturb- 
ances of the normal ocean gradients are not large enough to 
cause monsoons, we see generally the trades oftener interrupted 
in summer, when they are weaker and when local thunder- 
storms and rains are more frequent on land. For the two rea- 
sons given, the trades of the southern hemisphere must be more 
extensive and stronger than those of the northern. 

2. The relatively small extent of sea in middle latitudes of 
the northern hemisphere, in comparison to the southern, must 
tend to warm the seas of the former, even if the’ quantity of 
warm water from the tropical seas reaching them be equal. 
Thus, generally in the middle latitudes, the evaporation goes on 
at a higher temperature from the seas of the northern, than the 
southern hemisphere. Now, this has a very great influence on 
the resulting precipitation; when the evaporation goes on at or 
near 82° there is much more probability that the resulting pre- 
cipitation will be snow and not rain even on low lands; the 
higher the temperature at which the evaporation takes place, 
the greater must be the height at which snow can fall, on 
account of cooling by expansion. 

3. Not all cold seas are favorable to glaciation. If they are 
surrounded by land on which the winters have a temperature 
considerably below 32°, they will be covered with ice, and thus 
evaporation will be checked just at the time when it is most 
favorable to snowfall. The ice of the seas will be covered with 
snow, the temperature of the air over it may be very low, but 
the snowfall will not be great and thus the conditions not favor- 
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able to glaciation. Such is the condition of many seas of the 
northern hemisphere, as the Arctic ocean north of Siberia, the 
Kara sea, the bays and inlets north of the North American con- 
tinent, the sea of Okhotsk, etc., which are covered with ice dur- 
ing many months. These conditions are favorable to cold of 
many months duration, but not to a large snowfall and the 
resulting glaciation. The observations made at many points off 
the coasts of Siberia and the North American archipelago have 
shown that the snowfall is exceedingly light. The seas between 
45°-70° of southern latitude are deep and not surrounded by 
land, and thus by far not so ice-bound, both on account of the 
absence of very low temperatures favorable to the formation of 
ice, and of the rupture of the ice, when formed, by winds and 
currents. Such seas as these are very favorable to snowfall 
and glaciation on land, since, even in mid-winter, there is a 
great extent of water which evaporates freely. The only parts 
of the northern hemisphere where glaciation is considerable, 
outside of high mountains, is the region from Greenland to 
Francis Joseph Land, but here we have rather cold seas, which 
are yet not entirely ice-bound even in winter. These seas are 
more favorable to snowfall and glaciation than those around 
Great Britain, because colder, and than those of the North’ 
American archipelago, the Kara sea and the Arctic ocean near 
Siberia, because less ice-bound in the cold season. 

4, The intense glaciation of the highest southern latitudes 
gives an enormous quantity of icebergs floating northward, 
that is to the seas of lower latitudes. As the surface of the 
southern seas to about 62° S. is below 32° F., even in mid-sum- 
mer, the icebergs cannot melt till they reach that latitude, and 
their immense size enables them to reach sometimes even the 
35° S. They certainly cool the waters, and thus produce con- 
ditions favorable to glaciation even in lower middle latitudes. 
This, besides, is a further direct cause of lower temperatures, 
and an indirect cause of stronger and more extensive trade- 
winds, which reach to beyond the equator and bring much 
warm water to the northern hemisphere. The geographical 
position is also favorable to this, especially the situation of Cape 
St. Roque and its vicinity. 

It is easy to see from all this, that there is no necessity to 
seek for the reason of the difference of the northern and south- 
ern hemispheres as to glaciation, by calling to aid the winter in 
perihelion of the former and the winter in aphelion of the lat- 
ter; much simpler causes explain the result. The operation of 
these causes is exceedingly well illustrated in the glaciation of 
a part of the higher latitudes of the northern latitudes, while to 
the east and west there is none, with lower mean annual tem- 
peratures. 
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I take another example from the southern hemisphere. Its 
eneral geographical conditions are favorable to glaciation, but 
; far not everywhere equally. Thus the higher latitudes of 
the eastern part of South America have as little snow, even in 
winter, as the warmest parts of the European continent under 
the same latitudes, while a degree or two to the south South 
Georgia is deeply ore As to South America, I must dis- 
agree also with Mr. A. R. Wallace* as to the condition of 
this continent being a proof of the influence of winter in aphe- 
lion on glaciation. Besides what is stated above as to the con- 
ditions of the eastern part of the continent, I may mention the 
absence of snow and glaciers from the highlands of the Atacama 
desert (above 10,000 feet high) and those between the coast and 
Lake Titicaca (above 14,000 feet). Only in the western part 
of the continent, and south of 35° S. is glaciation prevailing. 
But where, in the northern hemisphere, have we so enormous 
an extent of sea westward, with such regular and brisk west 
winds, bringing an immense quantity of vapor, which is con- 
densed into snow? The amount of precipitation on the west 
coast and the western slope of the mountains of South America, 
south of 40° S., is scarcely equaled anywhere in the tropics. 
Here again, geographical causes explain the result. The same 
may be said of the west coast of the southern island of New 
Zealand. Here also high mountains rise, and to the west is an 
immense stretch of ocean, uninterrupted to the east coast of 
South America. The snowfall is enormous and glaciers reach 
to 700 feet above sea-level under 43° S. and yet the mean tem- 
perature at sea-level is higher than in other meridians of the 
southern hemisphere and the greater part of the northern also. 

In the two examples given above, evaporation takes place 
_ from seas of relatively high surface temperature, about 50° F, 
or more, and in such cases permanent snow can begin, only at 
a height of some thousand feet, because air rising to such a 
height is cooled by expansion and its vapor precipitated in the 
form of snow. Mr. A. R. Wallacet has very well shown the 
importance of high land for glaciatiou, though, to my mind, he 
has gone too far in not admitting the possibility of glaciation on 
low lands. 

I must conclude. An English geologist of notet has 
called Dr. Croll’s hypotheses brilliant and fascinating. So 
they certainly are. The originality of the conception, the fer- 
tility of resource of the author, his indomitable will, are sym- 
pathetic in the highest degree. It is with a melancholy feeling 
that I confess that interesting and important as are some parts 
of the system of Dr. Croll, the main points of it are opposed to 
the most certain teachings of meteorology and can not be 


* Island Life, page 142 ff. + Island Life. ¢ Mr. Searles Wood, Jr. 
Am, Jour. Sci1.—Tuirp Series, XXXI, No. 182.—Mar., 1886. 
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accepted. Besides the purely geological and cosmological part 
of his work, which I do not consider here, and the tables of 
excentricity, what can be accepted? The wind theory of the 
upper oceanic currents, the notion of the great climatological 
effects of these currents (though by far not in the exaggerated 
extent given to them by Dr. Croll), some of his considerations 
on the conservative effects of snow and ice. The main points 
on which rests, so to say, the whole fabric in its explanation of gla- 
ciation and geological climates generally—the influence of winter in 
aphelion and perihelion during high excentricity and the calcula- 
tion of temperatures in proportion to the sun-heat received—are, 
unfortunately, fallacies. 

Geologists will have to look for other causes to explain the 
more or less frequent glacial and interglacial periods which 
their studies lead them to admit. 


ArT. XVIL—-Zendril Movements in Cucurbita maxima and C. 
Pepo; by D. P. PENHALLOoW. 


(Continued from page 114.) 


Conclusion. 


With these facts before us, we may now proceed to discuss 
the various phenomena and draw such conclusions from them 
as appear justified. 

Temperature.—The observations here recorded appear to be 
in harmony with the views generally received, that within cer- 
tain limits, and with the conditions otherwise favorable, higher 
temperatures are promotive of the most rapid growth. Accord- 
ing to the experiments of Sachs* upon the germinating seeds 
of Cucurbita, the most rapid growth was found to take place 
under the influence of a temperature of 83°7° C.; but we have 
to observe that the growing embryo was doubtless placed 
under conditions which permitted the normal tension of the 
parts upon which observations were made to be fully pre- 
served. In our own observations, the greatest growth, or 
greatest tendril movement, was made under a temperature of 
244° C., while the most rapid growth of the vine occurred 
when the temperature ranged from 29° to 366°C. It is 
important, however, not to lose sight of the fact that in these 
cases, we have to deal with modifying influences which affect 
growth through the tension of the tissues, a disturbance of 
which frequently occurs as a result of high temperature. 
Thus, if we compare an even number of hours of growth when 
the temperature is above 30° C., with the same number when 


* Text-Book, p. 647, ete. 
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the thermal range is from 25° to 80° C., we shall find the growth 
in the latter case to be greater as the following show, 
where six observations covering the same hours of day are 


compared. 
. Aver. growth 
No. of obs. Aver.temp. Total growth. per hour, Rel. hum. 


6 27:0° C 2°0 in. 0°333 in, high. 
6 34°9 0°266 low. 


These figures show that there is a well defined limit to the 
temperature which is most beneficial to plant growth; and, 
furthermore, that this limit is not fixed, but is variable ac- 
cording to the attendant conditions. Certain exceptions to 
the general law seem at times to appear, as when the most 
rapid growth coincides with the maximum temperature, but 
these instances are really conformable, and are capable of 
explanation upon the ground that (1) the maximum tempera- 
ture was in reality not very high, and (2) that if high, the 
conditions of humidity were at the same time most favorable, 
or (8) that these very rapid growths were only extreme fluctua- 
tions in a very variable wave, and this will appear from a care- 
ful inspection of the figures given. The same will be found 
to hold true with reference to all the observations here recorded. 

The relative humidity of the atmosphere, or the degree of 
saturation as dependent upon temperature, exerts a direct 
influence upon the condition of tension in growing tissues, and 
consequently upon the growth itself, by inducing more or less 
rapid transpiration of moisture from the leaves. While, there- 
fore, increasing temperature directly — growth on the 
one hand, it indirectly retards it on the other. Again, taking 
the figures already given, and comparing the atmospheric 
humidity with the results there shown, it will be seen that 
the greatest growth was obtained under conditions of greater. 
moisture, therefore when transpiration was reduced to the 
minimum. On the other hand, the least growth was made 
under conditions of less humidity, and therefore when transpi- 
ration was active. Doubtless, also, the humidity of the soil 
exerted an important influence upon the processes of growth 
as observed, but, unfortunately, no record of this was kept, and 
the relations which it bore to growth cannot now be brought 
out as they should be. 

Alternations of day and night cause a marked influence 
upon, and variation in, the phenomena of growth. Light gen- 
erally exerts a retarding influence,* and other conditions being 
equal, we should naturally expect to find the greatest elonga- 


* Sachs, Text Book, p. 755. Arbeiten das Bot. Inst. in Wurzburg, 1871. Bot. 
Zeit., 1865. 
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tion of the axis, greatest increase in the weight of the squash, 
and most rapid movement of the motile parts, during the hours 
between sunset and sunrise. 

From the experiments now under consideration, we find that 
the growth during hours of darkness was in reality less than 
that during daylight, since we obtained in the case of tendrils, 
a movement of 1359°90™ for the day, against 536:90™ for the 
night; and in the growth of the vine, 44-44™ for the day 
against 34:28™ for the night. Rauwenhoff found that the 
growth in Cucurbita pepo for twelve hours of day, was 56°9 per 
cent of the whole, thus leaving only 48 per cent for the same 
number of hours of night, or a ratio of 1:1°32 in favor of the 
former. Our own results are in striking confirmation of this, 
since as already seen, our ratio is as 1: 1°29 in favor of daylight. 
In the case of the tendrils, the superior influence of conditions 
during the day, becomes much more manifest. 

The movements of the tendrils are found to occur in well- 
defined waves of greater and less activity, which, usually longer 
and of slower movement at the outset, are of decreasing length 
and greater activity with advancing age up to a certain period. 
This, however, is soon reached, and beyond this point the 
movements become somewhat longer, but more especially 
slower, with greater maturity. 

It is also important to note that the motion of the tendril is 
always most rapid when accomplishing its grand sweeps 
through the central region of the figure it describes, but that it 
becomes slower and more intermittent when it reaches its ex- 
treme lateral position on either side. This is often very mani- 
fest in the figure obtained, but may be seen more clearly when 
the waves of growth are plotted. This fact was noted by Dar- 
win* as occurring in the Cucurbitacee, especially in Echinocystis, 
_ but he does not appear to have gained a solution of its cause. 
Nevertheless, there is every reason to believe that it originates 
directly in the unequal torsion of the tendril arm, which would 
of course be greatest at the extreme lateral range, and produce 
the most variable action, while it would be least and give rise 
to the most uniform and regular movement, when the tip 
reaches the central region of its course. 

So long as all the tissues remain soft and in an actively grow- 
ing condition, the waves of growth will succeed one another in 
accordance with the controlling influences already spoken of, but 
as there isan advance in age with general hardening of the tissues 
and large formation of wood, a noticeable and general length- 
ening of the waves ensues. The tip may even drop toward 
the ground as if exhausted and not resume its nutations for one 
or even two hours. When it does, it is generally with a more 
sluggish action. 

* Climbing Plants, p. 129-30. 
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From our previous considerations, it is clear that the move- 
ment of the tendril is but a normal manifestation of growth, 
which is subject to the same influences as other vital phenom- 
ena. It now concerns us to determine how this motion is pro- 
duced. This we shall discuss under the following headings :— 


Growth in length. 
(2) Torsion. 

(3) Effect of irritation. 
(4) Cireumnutation. 

(5) Spasmodic movement at the end of activity. 
(6) Coiling about a support. 

(7) Free coiling. 


Growth in length—We have already seen that the tendril 
arm begins to revolve as soon as it has unrolled from the bud 
and becomes straight. At this time it is in a state of rapid 
elongation through its entire length, and while the full length 
ultimately reached must necessarily be largely determined by 
the time at which it comes in contact with an object of support, 
the arms generally attain a length which is nearly or quite 
twice that which they have when first unrolled from the bud. 
It is therefore obvious that most rapid extension is simultaneous 
with the greatest activity, and the two are directly correlated 
throughout the entire period of movement. It is therefore, to 
this very rapid elongation that we must look in the first in- 
stance, for a true explanation of the movement, while second- 
arily, we must consider the differentiation of the component 
tissues, particularly in their relations of mutual tension. 

The structure of the tendril, presenting as it does a diversity 
of tissues, at once shows that this rapid elongation cannot be 
partaken of by all the tissues in equal degrees. The fibro-vas- 
cular bundles and the zone of wood cells are those elements in 
which the least extension can occur, of all the tissues present. 
With reference to all the other tissues, therefore, these elements 
must be brought into a state of positive tension, which increases 
in strenth as age advances and the component cells become 
more strongly modified by the formation of secondary layers, 
thus making them more resisting. 

The collenchyma tissue is also a structure which, while it may 
be capable of greater extension than the elements previously 
considered, is capable of comparatively little elongation after it 
is once fully formed. It may exert a positive tension on the 
wood cells and thus bring themselves into a state of negative 
tension, but with reference to all tissues in a more active state 
of growth, it is constantly in a condition of very strong, positive 
tension. This may be at once seen on making sections. 
Transverse sections are found to quickly bulge out in the center, 
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with a strong, marginal contraction, which is found to be devel- 
oped in the collenchyma itself. Longitudinal sections show a 
strong curvature with the concavity on the side along which 
the collenchyma runs, clearly demonstrating the strong tension 
of this tissue. Weare also inclined to believe that the cutting, 
as all other irritation, causes a certain loss of water from the 
tissue within the -area of irritation, and thus through con- 
densation, a contraction and further increase of tension. This 
is essentially the view adopted by Sachs,* and it certainly 
appears justified. We must therefore not only regard the 
collenchyma as influencing all the movements dependent 
upon growth, but it must also be considered as that tissue 
which chiefly determines all movements caused by mechanical 
irritation, a view which is amply supported by its presence 
in the tendrils of Vites, Sicyos, Ampelopsis and other vines, 
and the relation which it there bears to the movements of these 
tendrils. 

The unmodified fundamental tissue, of large, rounded cells 
filled with protoplasm, is that in which the most rapid and con- 
tinued increase takes place. As the central or pith region early 
loses its vigor and often shrinks away radially, that part lying 
externally to the wood zone and internally to the collenchyma 
is obviously the general region of this tissue which serves to 
retain the power of growth for the longest period, and of this, 
we find the vibrogen bands to not only represent the most 
active growth from the outset, but they retain it up to the 
latest period. Even after the tendril has become wall tad in 
a permanent spiral, the vibrogen will be found to contain an 
abundance of chlorophyll and protoplasm, and thus to essen- 
tially retain its power of extension, although then held in abey- 
ance by the permanant character of the fibrous tissues. .We 
must then eonclude that the negative tension is most strongly 
developed in the parenchyma as a whole, and in the vibrogen in 
particular, while the positive tension is developed in all the 
fibrous elements, particularly in the collenchyma during the 
earlier periods of activity, and in the wood.cells towards the close 
of the active period. 

The collenchyma also bears an important relation to the 
other tissues in its hygroscopic powers. It is a tissue which is 
capable of the greatest variation of density through absorption 
and liberation of water, and whenever such a change is induced 
by any means, this tissue must become of primary importance 
in determining secondary movements in the tendril to which it 
belongs. From the information we have collected, not only 
with reference to this but to other tendrils as well, we feel toler- 
ably safe in the view, that, in all cases of sensitive tendrils, the 
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collenchyma tissue is that in which the modification of tension 
is first determined. 

Torsion.—We have seen in a previous paragraph, that when 
the tendril arm becomes straight from the bud and begins its 
circumnutations, the tip is turned slightly downward, or toward 
the rounded side of the arm. Soon after movement has com. 
menced, it will be observed that the plane which the tip makes 
with the basal portion of the arm, does not maintain the same 
relative position, but that it continually changes. Thus the tip 
may point up, or down, or even sideways. If we follow any 
one of the collenchyma or vibrogen bands, throughout its en- 
tire length, we shall also find it to assume a variably spiral form, 
conforming to the direction of the tip. There is thus pro- 
duced in the tendril, incident to its most rapid elongation, a dis- 
tipet torsion which frequently turns the tip throngh 180°, and 
sometimes through 270°. Moreover, it will be found that the 
peticle of the tendrils develop a similar and strong torsion, as 
is clearly defined by the longitudinal bands. 

The explanation of this torsion is simple when we remember 
the character of the tissues composing ihe tendril, and the very 
great difference of tension which is developed between them ; 
while from our previous considerations, it must be clear that, 
in both tendril arms and petiole, the torsion is but the natural 
result of excessive prod in the vibrogen, exerting a strong 
positive tension upon the collenchyma and wood tissues. 

Trritation.—Of the two sides of the tendril arm, that which 
is uppermost and slightly channeled is the least sensitive, 
while the power to respond to mechanical influences appears to 
be centered in the lower portion of the arm where the collen- 
chyma is most abundant, and this leads us to infer that it is 
this tissue which is chiefly concerned in such changes. If the 
vibrogen were the chief factor in such cases, then the change 
of direction must follow one of three planes, to the right, the 
left, or upward, and also the effect of irritation would be most 
conspicuous when the vibrogen was touched. On the other 
hand, however, since the bending is almost always toward the 
lower side, at least never lateral, and since the collenchyma is 
particularly sensitive, we have strong proof pointing to the 
view that the bending is produced by a full maintenance of 
tension in the vibrogen, while that of the collenchyma on the 
side irritated is increased, and the growth of this tissue ceases 
for the time owing to contraction of the protoplasm from the 
cell walls, according to the well known influence of irritation 
upon living protoplasm.* The power of the tendril to respond 
to irritation, therefore, is correlated to the hygroscopic power 


* Weiss, Allgemeine Botanik, pp. 81 and 82. Darwin, Insectivorous Plants, p. 
38, &. Hickel, Quart. Journal Mic. Sci., April, 1869. 
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of the tissues themselves, through which variable tension is 
most readily produced. We are thus led to the conclusion that 
the collenchyma is the most important tissue of the entire 
structure for the production of bending under the influence of 
mechanical stimuli. 

A tendril subjected to local irritation for about thirty sec- 
onds develops an abrupt curvature at that point within one or 
two minutes, and not only continues to bend so long as the irri- 
tating body is present, but even for a few seconds after its re- 
moval. Puncture with a pin, or the action of a loop of 
thread, produces the same effect. Irritation over considerable 
length causes a longer curve for the same distance. There is 
in all such results no evidence that the impulse has been con- 
veyed to portions lying on either side of the irritated parts, 
and very soon after the cause is removed the tendril straightens 
out and resumes its circumnutations as before. A blow, how- 
ever, produces a different effect. When given on any part of 
the arm, the latter receives an impulse which extends through 
its entire length, and instead of developing one Jong curve or a 
single abrupt turn, it is thrown into a series of long waves. 
Also, irritation at the tip produces the effect of a long curve 
passing through the whole central region. These facts distinctly 
show that the terminal portion is much more sensitive than 
any other part of the tendril, and that irritation given there, or 
imparted to other portions by percussion, is directly transmitted 
through the entire length. That this transmission is accom- 
plished through the protoplasm, which thus serves as the nerve 
material, can no longer be doubted in view of the continuity 
which we have shown to exist, coupled with the well known 
sensitive nature of this substance. 

Circumnutation.—Our attention is first of all to be directed 
to the fact pointed out by Darwin* and confirmed by our own 
observations, that the “tendrils revolve by the curvature of 
their entire length, excepting the sensitive tip and the base, 

‘which parts do not move, or move but little.” This clearly 
shows that whatever force is in operation, acts uniformly 
through the entire length of the whole motile organ, and that 
the movement does not have a local origin at or near the base. 
We must therefore conceive, as both Darwintand Sachst ex- 
plain, that there is a longitudinal band of tissue, or rather that 
a line of cells extends from base to tip of the tendril, and that 
this band, or these cells are in a more active state of growth 
than those in other parts of the tendril, thus bending the latter 
toward the opposite side. So far, our observations are in 
strict harmony with these views; but they do not accord with 
the opinions of these eminent authorities when they state that 


* Climbing Plants, p. 170. + Ibid. ¢ Text Book, p. 866. 
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these bands of growth “travel round the tendril and suc- 
cessively bow each part to the opposite side,” and in this lies 
the essential part of the true explanation of the movement. 

As already indicated, the figure described is not one of regu- 
lar progression through successive points of an ellipse or other 
figure, but the tendril tip may change its direction very 
abruptly, often exactly retracing the path just passed over, or 
the change of direction may be less abrupt (fig. 2). This indi- 
cates in the first place, that the band of growth does not pass 
regularly through successive points in the circumference of the 
tendril, but that it changes its position without regard to order 
of succession. But it also appears from the figure obtained, 
that while revolving in this irregular manner, the total dex- - 
trorse and sinistrorse movements are practically equal. 

An examination of the histological elements of the ten- 
dril as exhibited in cross section, together with the well de- 
fined relation of the different tissues with reference to ten- 
sion, suggested that the true explanation of the movement was 
to be found in the vibrogenic tissue. But it appears (fig. 3 
that these bands are three in number, two being lateral an 
one superior, the latter passing along the upper side of the 
tendril. If, therefore, they were the true source of the move- 
ment as described in fig. 2, then the lines traced must be devel- 
oped as follows: 

We must conceive that, while the parenchyma tissue grows 
most rapidly, and therefore exerts a determining influence in 
the circumnutation, the collenchymaand wood tissues of slower 
growth must also produce a secondary influence which will mod- 
ify the direction determined by the vibrogen, and thus produce 
a resultant motion. Thus, line 1-2 (fig. 2) would result from 
excess of growth in 0’ or in collenchyma a, a’ (fig. 3). But at 
2, the direction of movement is reversed, and back to 3 it must 
be the resultant of excess of growth in b’’, plus a weaker growth 
in collenchyma a”. From 3-4, vibrogen bd’ exerts a superior 
influence, while from 4-5, b has again the ascendancy over all 
the other tissue and the motion is therefore directly lateral. 
And so on for the other lines traversed, each change of direc- 
tion being the direct expression of superior energy in one of 
the vibrogenic bundles, or the resultant of growth in both 
vibrogen and collenchyma, the excess of growth always being 
in one of the vibrogen bundles. Bat this result might be pro- 
duced without the energy being specially localized at 8, b’, b”. 
The band of growth might pass through various points of the 

arenchyma tissue at ¢, c’, c’’, and thus cause the tendril to bow 
In various directions as explained by Sachs and Darwin. If, 
however, the vibrogen tissue exerts a preponderating influence, 
then, since two bands are lateral pal one superior, the figure 
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described must show that the total latitudes (assuming the 
‘ three bands to be of equal size and strength, which they are, 
 apreane are one-half the total departures of movement. 

he following table exhibits the latitudes and departures for 
the thirteen tendrils experimented upon. 


TENDRIL MOVEMENTS. 
Total Latitudes and Departures. 

Lat. - Dep. 
124°30 249°7 

53°25 116°60 

123°35 269°40 

21:00 60°83 

43°37 91°10 

241°80 398°55 

141°75 266°55 

87°75 192°80 

47°75 69°30 

106°30 264°70 

67°65 203°03 

53°20 144°50 

122°40 118°15 


ece og 


Totals 1193°87 2445°21 
Means 91°84 188°09 
Ratio 2°05 


From this it will be seen that the total mean fully confirms 
our theoretical considerations, giving in round numbers, lati- 
tudes 91 and departures 188, or a ratio of 1: 2°05. An inspec- 
tion of the figures for each tendril, shows that in many, this 
ratio is fully preserved ; in others, the excess is in favor of the 
latitudes, but we have already shown that the lateral range is 
greatest in the most active tendrils, and that the motions be- 
came more irregular and in latitude, greater, as the tendril 
becomes older. Since it has already been explained, that the 
vibrogen tissue induces torsion of the tendril, it is clear that 
this latter is intimately associated with the cireumnutation, since 
both have a common origin. 

Spasmodic Movement.—It has already been noted that the 
movement of the tendril becomes somewhat spasmodic toward 
the close of its active period. Periods of rest, or of actual cessa- 
tion of motion not only occur, but there is often greater irregu- 
larity of movement, and a failure to make those grand sweeps, 
often so conspicuous a feature of the rapid circumnutations. 
If we bear in mind the gradual modification of the tissues dur- 
ing the period of movement, and more particularly toward the 
end of activity, the proper explanation will be easily reached 
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While the vibrogen tissue constantly maiatains its full tension, 
the wood cells are becoming continually thicker, therefore 
more permanent, less capable of extension and hence constantly 
developing a greater resistance to the general elongation of the 
organ asa whole. So long as this mutual tension remains con- 
stant, i. e., so long as the tension of the woody structure is 
released by continued growth in proportion to the development 
of the vibrogen, for just such time will the motions of the ten- 
dril be comparatively regular. With increasing positive 
tension, however, its normal release will necessarily become 
more intermittent on account of the modified character of the 
cells in which it occurs, and the resultant motion of the whole 
tendril arm must show corresponding irregularity. 

Coiling about a Support.—The coiling about an object of sup- 
port with which the tendril comes in contact, results from 
a combination of causes already discussed. We have al- 
ready seen that at the period of contact, the tip first of all 
twines closely about the object, while the basal portion actu- 
ally passes by, through continuation of the movement, until 
excess of torsion draws it up into a double spiral. The coiling 
of the tip is the direct result of irritation as already shown by 
Sachs and Darwin, and as the latter explains,* it is developed 
by a shortening of the side in contact with the object, the same 
change, i. e. condensation of structure through cessation of 
growth: and loss of water, operating here as in the previous 
cases, and with Darwin, we can hardly agree with Sachst 
that the coiling is in any way promoted by accelerated growth in 
the unirritated side. 

When once the growth in length is arrested, as it appears to 
be soon after coiling, the maturity of the tissue is the predom- 
inating feature. Each tendril must be regarded as having a nor- 
mal period within which all the changes of structure are to be 
accomplished. This may be, and undoubtedly is, shortened by 
mechanical influences which are sufficiently long continued, so 
that the maturity of a young tendril is much more rapid after 
having grasped a support than would otherwise have been the 
ease. This has already been pointed out by Darwin. On the 
other hand, it is difficult to conceive that the normal period is 
at all prolonged for the purpose of enabling the tendril to find 
a support. Unless a tendril comes in contact with an object 
before its tissues reach a certain stage of development, it can- 
not grasp a — at all. This is well shown by the fact that 
old tendrils which are near the end of their activity, often catch 
hold but imperfectly, or if they secure a hold, fail to properly 
perfect their double spiral. 

Free Coiling.—The changes incident to the free coiling of the 


* Climbing Plants, p. 181. + Text Book, p. 859. 
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tendril have already been discussed incidentally, and it is only 
necessary to repeat in concise form, that coiling of this nature 
is simply due to increasing disproportion of tension in the vari- 
ous tissues, through maturity and cessation of growth in the 
wood cells. 

It only remains for us to now call attention to the fact that 
the motions of leaves, petioles and tendrils are all due to one 
and the same cause, and that the much greater activity and 
range of movement manifested in the latter, finds ample ex- 
planation upon histological grounds: (1) in the much greater dis- 
proportion between length and diameter, (2) in the more strict 
localization of the vibrogen tissue, (8) in its greater flexibility 
through being comparatively solid, and (4) the greater effect of 
unequal tension when exerted longitudinally through a more 
filamentous structure. 

In the nutation of the terminal bud of the squash vine, we 
have to deal with some conditions which do not generally ob- 
tain in vines, i. e. the horizontal position of the plant. 
The growing extremity for a distance of two or three feet from 
the tip, under the influence of negative geotropism, has a strong 
tendency to an upright position, which results in a gradual 
curve and the elevation of the terminal bud from twelve to 
eighteen inches above ground. As growth continues, the tip 
constantly ascends until that portion of the vine unsupported 
by the earth, has attained such length that it can no longer 
overcome the direct action of gravitation upon its mass. The 
bud is then seen to be rapidly depressed, but this downward 
movement is succeeded by an upward growth as before. These 
vertical oscillations continue as long as growth of the vine, 
and constitute the chief movements of the extremity. 

A second class of movements is found in the irregularly 
ellipsoida! nutations of the bud. This may be directly referred 
to unequal growth on opposite sides of the stem. While in 
the bud, the internodes are very nearly in a straight line with 
one another. Later, however, when the development of leaf, 
flower and tendril proceeds at a much more rapid rate than the 
growth of the stem at the same node, the excessive formation of 
tissue on the side where these organs are inserted, causes a 
bending of the stem in the opposite direction. This must, there- 
fore, throw the tip of the vine to one side of its former position. 
As this condition of unequal growth occurs at every node 
within the section of growth, the tendency is to throw the ex- 
tremity first to one side and then to the other, and the final direc- 
tion of movement is controlled by the excess of growth upon one 
side, over that on the opposite side. This conclusion was reached 
by me independently in the summer of 1875, and it was grati- 
fying to notice somewhat later, that Sachs had been led to simi- 
lar conclusions, though at a somewhat earlier date. 
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From the facts here presented, we feel justified in the follow- 
ing conclusions: 

1. Growth is promoted by an increase of temperature and 
humidity. 

2. Growth may be retarded by an increase of temperature 
when other conditions are not favorable. 

3. The conditions favorable to growth, — from temper- 
ature and humidity, may cause greater growth during the day, 
in opposition to the retarding influence of light. 

4. Growth is retarded by excessive transpiration. 

5. The conditions to which the plant is subjected being va- 
riable, there is a corresponding periodicity in the vital phe- 
nomena. 

6. Movements of tendrils and terminal buds, being phenom- 
ena of growth, are modified by whatever variations of condition 
afiect growth. 

With reference to the circumnutations of the tendrils, the 
following appear justified : 

1. Movements of the tendril and petiole are due to unequal 
growth by producing unequal tension of tissues. 

2. The unequal growth is chiefly defined in the vibrogen 
tissue, which may therefore be regarded as the seat of move- 
ment. 

3. The band of unequal growth does not arise at successive 
points of the circumference. 

4. The vibrogen tissue consists of three longitudinal bands, 
pons of which becomes more active in turn, without regular 
order. 

5. Bending under the influence of irritation results from ces- 
sation of growth and condensation of structure. 

6. The collenchyma tissue is that which is chiefly concerned 
in variations of tension under mechanical stimuli. 

7. Coiling results (by contact) from cessation of growth and 
condensation of structure or (free coiling) from increased ine- 
quality of tension due to continued growth. 

8. Transmission of impulses is effected through continuity of 
protoplasm in the active tissues. 


Art. XVIII.—Note on a Method of Measuring the Surface 
Tension of Liquids ; by W. F. Maite. 


Poisson, in his Nouvelle Théorie de )’Action Capillaire, p. 
217, gives a formula determining approximately the height of 
a large liquid drop standing on a level plate. Tt contains the 
capillary constant a, which equals the square root of twice the 
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surface tension divided by the specific gravity, the height of 
the summit of the drop above the plate, the radius of the great- 
est section of the drop, and the contact angle between the drop 
and the plate. The formula holds, without any change, for a 
bubble of air formed in a liquid under a level plate. 

If we transform this formula to get a value of a we obtain 


k a a’ 5 @ 
a/2 cos cos 3 31 a/2 Cos 3 


where & is the height of the bubble, w the contact angle, and 
p the radius of curvature of the summit of the bubble. The 
symbol 7’ is defined by the equation /’/=/+(yv2—1)a, where 
lis the radius of the greatest section of the bubble. If the bub- 
ble considered be large, that is, if it have a radius of 830 mm. or 
over, the value of y, as determined by an equation given by 
Poisson on P 216, is so great that the term containing it may 
be neglected, and the surface of the bubble at the centre treated 
as plane. If we measure the height of the bubble and know 
the contact angle of the liquid and the plate, we get a first 
approximation to the value of a by the use of the first term of 
the formula. By substitution of this value in the remaining 
term, we proceed to a second approximation, which in the case 
of large bubbles is usually sufficient. 

When the liquid is of such a nature that it wets the plate 
under which the bubble is formed, it is usual to assume that 
the contact angle is zero. The formula then becomes simply 


— k a* 
V/2 34/20 


Doubts have, however, been thrown on the validity of this 
assumption by the work of Wilhelmy,* Quincke,+ Traubet and 
others, and it cannot yet be considered as justified by experi- | 
ment. It can only be verified by a careful comparison of the 
results obtained for the value of the constant a by the use of 
different methods of measurement. It was for use in such a 
comparison that the method described in this note was con- 
trived. 

In place of the telescope of an ordinary cathetometer was 
placed an arm carrying at one end a vertical microscope. In 
the center of the object glass of the microscope was fastened a 
small piece of white paper. It was brightly illuminated by 
the rays from an incandescent electric lamp, which were con- 
centrated by a lens, and reflected upon the paper from a small 
mirror. The bubble to be measured was formed under a glass , 


*Pogg. Ann., cxix, 177. + Pogg. Ann., exxxix, 1. 
¢ Journ. fir prakt. Chem., new series, xxxi, 514. 
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late supported by three porcelain rests in a glass dish. The 
Gish stood upon a low table furnished with levelling screws. 
The liquid to be investigated filled the dish above the lower 
surface of the plate, but did not cover the upper surface. With 
this arrangement it was possible to obtain bubbles over 10™ 
in diameter of almost perfectly circular section, and by careful 
manipulation of the levelling screws to bring the bubbles 
momentarily to rest under the middle of the plate. 

When the bubble was formed and had become as nearly sta- 
tionary as possible, the microscope was brought over its center, 
and lowered until it was sharply focussed on the image of the 

aper reflected from the approximately plane surface of the 
bubble. The position was then read on the cathetometer scale, 
and the microscope raised by means of the tangent screw of 
the cathetometer, until it was focussed on the image of the 
paper reflected from the lower surface of the glass plate. The 
position was again read on the cathetometer scale. It can easily 
be shown that the difference of these two position-readings was 
equal to the height of the bubble. The scale of the cathetom- 
eter could be read directly by means of a vernier to twentieths 
of a millimeter. 

The diameter of the bubble, which only enters in the correc- 
tion term, was measured with sufficient exactness with an ordi- 
nary millimeter scale. 

The results which I have obtained by the use of this method 
compare very favorably for uniformity with those given by any 
other method. They are presented in the following tables, in 
order to show what may be expected of the method. They are 
not, however, to be taken as final results. 

The values for & and Z are given in millimeters, and a’ is 
given instead of a, as it is the constant usually employed. 


Distilled Water. 


k 1 a? Temp. 
5°60 56 15°093 22° 
5°56 56 14-962 292 
5°59 63°5 15°179 19 
5°57 63°5 15070 19 4 
557 57 15°031 19 
Mean, 15°067 
53 15°398 6 
5*605 55 15°179 6 
5°634 52°5 15°311 6 
5°64 55 15°367 
Mean, 15°314 
| 
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Absolute Alcohol, sp. gr. 0°7934 at 15°6° C. 
k l 

3°437 45°5 5 760 

3°45 47°5 5°808 

3°442 50 5°789 

3°407 60 5°698 


Mean, 5°764 
Olive Oil, sp. gr. 0°914 at 18° C, 


a? 
55 7°491 
52°5 7°317 
7.447 
52°5 7°387 


Mean, 7°410 


Petroleum, sp. gr. 0°808 at 16° C, 
60°5 
575 
52°5 
52 


Mean, 


Each of the above values of & is the mean of several (usually 
four) independent measurements. The figure in the third deci- 
mal place is the result of the division by which the mean was 
obtained. The original readings were made by estimation to 
hundredths of a millimeter. 

In order to compare the above results with those given by 
other observers, it is necessary to reduce them to a common 
temperature. For this purpose I have used the coefficients 
given by Brunner or F’rankenheim and Sondhaus, The final 
mean for a obtained for water at 0° is 15°54. Laplace uses 
15°36, which is the value usually adopted by the older obser- 
vers. In a recent series of measurements by a method not 
involving the contact angle,* I obtained 15:00 as a value for a’. 
Mr. Durell, Fellow in Experimental Science at Princeton, who 
has kindly undertaken for me a series of measurements of a’ 
from the rise of liquids in capillary tubes, has obtained the 
value 15°62. The discrepancies in these different results, while 
they show that much remains to be done in perfecting the vari- 
ous experimental methods, still show nothing as to the validity 
of the assumption that the contact angle is zero; for, if this 
assumption be untrue, the value of a* obtained by methods not 


* Wied, Ann., xxv, 421, 
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Temp. 

16°6° C, 

14°4 

12°8 

| k Temp. 

8°917 18°6° C. 

3°872 19 

3°914 18 

3°892 18 

k Temp. 

| 3°682 15°4° C, 

i 3°753 15°4 

3°717 15.2 

3°717 16°5 

| 6°755 
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involving the contact angle should be greater than that obtained 
from the height of bubbles, and that again greater than that 
obtained from the rise in capillary tubes. No inequality of this 
sort is apparent. 

‘he value of a’ for alcohol, reduced to 0°, is 5941. That 
obtained by Quincke from the rise in capillary tubes is 5-906, 
and that obtained by me from the method above mentioned, 
which does not involve the contact angle, is 5°843. 

For olive oil the reduced value of a’ is 7°602. Brunner 
gives 7°461, Quincke 7:366 from the rise in tubes, and I ob- 
tained, from the method mentioned above, 7°315. 

For petroleum the value of a* at 0° is 7-084. Mr. Durell 
obtained, from the rise in tubes, the value 7:204. The variable 
character of petroleum renders a comparison with the results 
given by other observers useless. 

The same remarks may be made on the comparison of results 
for alcohol, olive oil and petroleum that have been already 
made in the case of water. The discrepancies in the results 
are not such as to lead to the conclusion that the assumption 
of a zero contact ~~ is false, in the case of any of the four 
liquids used. The difficulties offered by some of the methods 
employed, and unavoidable differences in the materials used by 
different observers, renders any positive statement at present 
impossible. It is my hope soon to be able to present a con- 
nected series of observations, which will perhaps lead to some 
more definite conclusion. 


John C. Green School of Science, Princeton, N. J. 


Art. XIX.— Wm. B. Rogers's Geology of the Virginias, <A 
Review; by J. L. and H. D. CAMPBELL. 


(Continued from vol. xxx, p. 374.) 


In our further treatment of the subject before us, we shall 
limit our remarks to the most salient points in the higher 
formations of the geological system of the Virginias, basing 
them chiefly upon personal Auneien, and making them 
supplementary to the comprehensive and able discussions 
found in the volume under review. 

Niagara Group, IV, V, R. (5a, }, c and 6).—In Virginia this 
comprehensive group consists of alternating beds of conglom- 
erates, bard sandstones and shales—calcareous shales predomi- 
nating in the upper portion,ein which occasional beds of 
impure limestone occur. In the State Reports the whole 
series is described under two divisions, [V and V of Professor 

Am, Jour. Sc1.—Tairp Series, VoL, XXXI, No. 183.—Marcu, 1886. 
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Rogers’s series; but in his final chapter, p. 717, he puts the 
whole of IV and the greater part of V together as constituting 
the Niagara group (5a, }, c), while he regards the higher calca- 
reous shales and limestones as representing the Salina period (6). 
It is gratifying to find him so-ready to subordinate his own 
system of notation and nomenclature to the more generally 
applicable and altogether superior system now rendered classic 
in the science through its adoption by the leading American 
geologists. 

The bold escarpments of Medina and Clinton beds constitute 
a conspiuous feature in the Little North Mountain and its 
several outlying ridges, along the western margin of the Great 
Valley, as may be seen in the Jump and House Mountains of 
Rockbridge, and in Purgatory and other ridges in Botetourt 
county. hile the dip of these sandstones and the overlying 
shales is generally toward the northwest, or normal, as far 
northward as the Jump Mountain in Rockbridge county, an 
abrupt change occurs at this point, and throughout the remain- 
der of the range, nearly as far northward as the Potomac, the 
eastern margins of the beds are either inverted or thrown into 
a vertical position. This inversion is conspicuous where the 
C. & O. Railway passes through Buffalo Gap, ten miles west of 
Staunton. 

A number of ridges, essentially parallel with the North 
Mountain range, lie between it and the outcropping margins 
of the coal rocks farther west, occupying a belt of mountainous 
country from 20 to 40 miles in width and more than 800 miles 
in length. The framework of these ridges is generally the 
massive sandstone beds of 5a, b, while they are flanked most 
commonly by remnants of 6, and of several higher groups, as 
7 and 8. They are remarkable for their numerous anticlinal 
arches and folds which usually constitute the crests of the 
ridges; and for the comparatively wide and shallow synclinal 
troughs that intervene, and carry the remnants of higher and 
less durable formations, among which the dark shales of 10 are 
conspicuous. 

The Clinton beds of this group carry, in many places, valua- 
ble beds of the fossil and red-shale iron ores, which have been 
extensively mined in Pennsylvania, Virginia, Tennessee and 
— and are noted for the superior quality of iron they 

ield. 
5 Salina Group.—The existence of the Salina in the Appa- 
lachians of Virginia may be regarded as yet an open question. 
If it has any representative here*it is to be found in the calca- 
reous shales with occasional beds of limestone, mentioned by 
Professor Rogers under V. But while there is reason to sus- 
pect that a portion at least of the higher beds of that series 
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belongs to the Salina (6), additional explorations are required 
to settle the question definitely. 

Lower Helderberg, VI, R. (7), and Oriskany, VII, R. (8).—In 
the recent revision of Professor Dana’s “Table of Geological 
Formations, 1885,” we find that he makes the Helderberg the 
topmost period of the Silurian age, and makes the Oriskany 
the base of the Devonian. Whatever may be the chronological 
relations of these two formations, we find them in Virginia to 
be entirely conformable, to be coextensive with the Appa- 
lachian range, to blend considerably into each other in some 
places—the limestones of the former becoming very siliceous 
in its upper beds, while the sandstones of the latter are some- 
times, though less frequently, calcareous where they come in 
contact with the underlying limestone beds. While the organic 
remains of the Helderberg bear close relations to those of the 
preceding Salina and Niagara periods, they seem to be just as 
nearly related to those found in the Oriskany, though much 
more abundant. In Virginia the relations of the Oriskany 
fossils to any remains found in the Devonian seem to be rather 
remote. Therefore we are still inclined to hold that “the Oris- 
kany sandstone strata are the passage-beds between the Silurian 
and Devonian,” but truly Silurian. This formation is charac- 
terized in Virginia by extensive beds of limonite ores. 

We are here treating these groups in conjunction because in 
our mountain ranges they are most intimately associated. The 
one rarely, if ever, appears without the other; and where their 
beds have not been ruptured by contortions and foldings—that 
is, where the undulations have been such as to give the strata 
moderate dips—the durable sandstone of the Oriskany is left 
undecayed in many localities to form the crowning beds of 
mountain ridges of considerable height, and thus protects 
against erosion the less durable beds of Helderberg limestone 
beneath.* As a rule, however, where the sandstones of the 
Niagara period have been thrust up to a considerable height, 
the Helderberg and Oriskany strata have been so much rup- 
tured that their fragments have been removed from the higher 
parts of the ridges by denuding agencies, and their outcroppin 
edges alone are now to be found low down on the slopes at 
spurs. The Helderberg limestones being more easily disinte- 
grated than the Oriskany sandstones, are often hidden from 
view, but their position is still indicated by a depression 
between the sandstone and the main ridge, forming a well- 
defined “bench” on each spur, while in the adjacent ravines, 

* We have a striking and very interesting illustration of this arched structure at 
the celebrated Blowing Cave in Bath couaty, three miles west of Millboro Station 
on the C. & O. Railroad. By a singular oversight Professor Rogers locates the 


cave in the Oriskany instead of the Helderberg. See this Journal, vol. xviii, pp. 
121 and 125 (1879). 
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eroded by mountain streams, the beds of limestone are com- 
monly denuded, and the two formations may be seen in close 
contact. The very intimate relations thus shown between 
these two formations, and the abrupt transition to the next 
higher group incline us, as already stated, to regard them both 
as belonging to the same general geological age. 

The Corniferous Group of Devonian age (Ya, 6, c), as far as 
our observations have extended, and as far as we can draw any 
inference on that point from Rogers’s Reports, has no well- 
defined representative in the Virginia portion of the Appa- 
lachians, we therefore pass to the next higher series, on which 
we wish to make a few remarks. 

No. VIII, R. (equivalent to 10a, b. c, and 11a, b, Dana), eon- 
sists of a remarkable series of slates that are found crowded 
into folds and crumpled masses in the synclines between the 
sandstone ridges of 5a, 6. The ‘“ Black,” the “Olive” and the 
lower portion of the “Ochreous” divisions of Rogers appear to 
coincide with the Marcellus, Hamilton and Genesee (10a, b, ¢) 
of the New York series;, while the higher portions of the ochre- 
ous beds doubtless represent the equivalents of the Portage and 
Chemung groups (lla, 6). In many of the valleys where 10a, d 
slates form very conspicuous features of the topography in the 
form of slaty ridges and knobs of various size and shape, beds 
of 11a, b, if they ever constituted a prominent feature, have been 
almost entirely removed by denuding agencies. The remaining 
slates of 10a, b, c have been so much crushed and warped by 
the compressing forces exerted by elevation of the bordering 
sandstone ridges, that it is difficult to determine their thickness 
with certainty. But in the middle portion of the range, at 
points where they have been least disturbed and least worn 
down by erosion, as for example, in parts of Bath and Alle- 
ghany counties, we have found them to have an average tbick- 
ness of about 750 feet. In the higher parts we find some beds 
of limestone containing remains of corals, crinoids and mollusks 
of Devonian type. 

Catskill group, IX, R. (12).—This series of strata evidently 
constitutes a transition period from Devonian to Carboniferous 
age. Its lithological features as represented in its numerous and 
heavy beds of brown micaceous sandstones, its conglomerates 
and ochreous shales, and what remnants it contains of vegeta- 
ble and animal life, although distinctly Devonian, all sug- 
gest at least an approaching resemblance to what we find in the 
overlying, and essentially conformable, beds of the Sub-carbon- 
iferous period. 

Sub-carboniferous, X, XI, R. (13 a, b.}—The two divisions of 
the Sub-carboniferous group are quite well characterized in Vir- 
ginia, especially in the middle and southwestern parts of the 
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eastern border of the great coal-field; but the lower division, 
13 a, is especially worthy of notice, as it is here a real coal- 
bearing formation. At the date of Professor Rogers’s Reports, 
(1835-41), it promised to be of great economical importance 
to the State, on acvount, first, of the intrinsic value of much of 
the coal found in it; secondly, of its proximity to extensive 
beds of iron ores, and to points in the general market; and 
thirdly, of the fact that the eastern portion of the State was, at 
that period, cut off in a great measure from the coal-field west 
of the Alleghany range, by want of lines of transportation. 
But since several railway lines have brought the products of 
the richer and more available mines into competition with - 
those that are less productive, and more expensive to work, 
very little mining has been done except to meet demands for 
local consumption. 

Although this limited field has ceased to have any great 
commercial value, it still possesses a scientific interest from its 
relations to the salt-wells on the Holston and the Kanawha 
rivers, 

The history of geological investigations and speculations 
regarding the origin of the beds of gypsum and salt, found in 
the valley of the north fork of the Holston, in Washington 
county, 1s both interesting and instructive. The problem of 
the true geological relation of these minerals has for a long time 
been under discussion. Traversing the little river valley in 
which they are found is a remarkable line of faulting, by which 
the beds of Sub-carboniferous, 13 a, b, have dropped down on 
the northwest side, or the Canadian limestones of 3 8, c, have 
been thrust upward on the southeast side, tosuch an extent that 
the two formations are now on the same level, although at other 
points, where they still retain their normal relations to each 
other, they are several thousand feet apart. 

Near this line of dislocation, beds of gypsum, in rather irreg- 
ular concretionary masses, have been opened and mined ata 
number of points over an area of several square miles. Within 
this sob area a number of salt-wells have been sunk, pene- 
trating beds of rock-salt of considerable thickness. From the 
strong brine of these wells salt has been manufactured for many 
years. 

As to the gypsum, all agree that it was once corbonate of 
lime, changed now to sulphate by the action of sulphuric acid 
from the adjacent pyritous shales, but there has been a differ- 
ence of opinion as to the age of the limestones from which the 
gypsum was produced. In relation to the source and mode of 
accumulation of the salt beds, there has been a like diversity of 
opinion. Prof. Rogers himself seems to have greatly modified 
his views of this region at different periods in the history of his 
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explorations, In his State Report for 1837 he locates these 
gypsum and salt beds in the upper part of his No. V—probably 
Salina or No. 6 of Dana’s series. In the Report of 1838 he 
appears to have found the source of the gypsum at least, in the 
limestones high up in his No. VIII. Then, in his notes pre- 
pared in 1878 for Macfarlane’s Railway Guide, he says of the salt 
and gypsum, that “ Both deposits are probably referable to the 
Sub-carboniferous period.” If the solution of this problem 
proved so difficult and perplexing to a profound and accom- 

lished geologist like Prof. Rogers, it becomes us to approach 
it with modesty. The question, however, seems to be still open 
' for discussion and for differences of opinion. 

In Prof. Dana’s Manual of Geology, revised edition, 1880, p. 
233, these deposits are referred to the Salina period, (6). Prof. 
Lesley in his Report on the Geology of some of the southwest 
counties of Virginia, 1871, regards the gypsum as produced by 
the action of sulphuric acid or sulphuretted hydrogen from the 
‘“‘ Lower coal-measures,” on the Lower Silurian limestones of the 
Holston valley. His theory of the accumulation of the salt is 
thus expressed : “ The appearance of brine in such quantity and 
of such strength must be considered a local phenomenon explain- 
able without reference to the gypsum. gach an explanation 


may be found in the very curious lake deposits of the little tri- 
angular plain at Saltville; a deposit evidently made in a deep 


little lake or pond basin filled with red mud, and saturated with 
salt-water, gypsum drainings, etc. . . . . The salt lies ina 
solid form, mixed and interstratified with compact red marl or 
clay, 200 feet below the water-level of the Holston; and the 
borings have gone down, at the salt-works, 176 feet further 
without reaching the bottom.” If this be the true view, the 
salt lake must have been formed and filled at a period subse- 
quent to the production of the fissure above mentioned ; perhaps 
in Permian or in Mesozoic time. If the question as to the 
source of the salt of these beds is ever finally settled, that source 
will most probably be found in the Sub-carboniferous ; in that 
case the question becomes analogous to that in regard to the 
same formation in Kanawha valley, where Rogers says, “from 
these strata there is every reason to believe are derived the 
saline ingredients which enrich the salt wells of that enterpris- 
ing and prosperous region,” (p. 373). 

Saltville is easily accessible by rail, and is surrounded by a 
variety of interesting geological features, besides the beds of 
gypsum and salt. 

Conglomerate Coal Groups, XII, R. (14 a).—The great cgn- 
glomerate bed, called by English geologists, ‘‘ Millstone Grit,” 
seems to have been regarded by the early geologists of this 
country as one simple bed underlying the whole of the Appala- 
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chian coal-field. But in Virginia, Rogers determined forty years 
ago, that there were two distinct divisions of the Great Con- 
glomerate, with intervening “seams of coal between these divis- 
ions.” Hence the lower division is now recognized as the floor 
of only a sub-division of the true coal measures, to which 
Rogers gave the appropriate designation, ‘“‘ Conglomerate Coal 
Group.” To him belongs the honor of having determined its 
true status in the Virginia series, and yet it has most probably 
proved to be far more important, (as developed in the Quinne- 
mont mines, on New River, and the Blue Stone and the Poca- 
hontas (Flat Top) mines farther to the southwest), than was an- 
ticipated by him, when, forty years ago he wrote about it, more 
as having a prospective than a determined value. 

Above the Conglomerate group Rogers recognizes four sub- 
divisions, to which, in his table, p. 717, he applies the terms 
“Lower Coal Group,” “Lower Barren Group,” “ Upper Coal 
Group,” ‘Upper Barren Group.” The first three seem to be 
covered by Prof. Dana’s 14 0, c; and the last appears to coin- 
cide with 15. For we find on his geological map the area of 
the “Upper Barren Group” represented as of Permian age,* 
and i. g down as bordering on the Ohio river, from the 
mouth of the Great Kanawha to the vicinity of Wheeling, 
and covering uearly the whole of two tiers of counties along 
that margin of the State. : 

MippLE SEconpary, (16-17).—Such is Rogers’s designation 
of the groups of Mesozoic age. The lower portion he regards 
as embracing the Triassic and Jurassic blending into each 
other; and hence applies to it the term, “ Jurasso-Triassic,” 
(16-17), while for like reason he calls the higher portion “ Ju- 
rasso-Cretaceous,” (17-18). Rocks of this age in Virginia are 
found altogether east of the Blue Ridge, and so far as yet de- 
termined they rest, not upon rocks of the next preceding age, 
but upon Archean beds—usually in trough-like depressions, 
or perhaps in basins of erosion. The extensive areas covered 
by these rocks are generally of irregular oval form, and in in- 
terrupted belts having a general N.E. and S.W. trend, corres- 

nding with the usual course of the outcrops of the Archzan 

eds. The Mesozoic coal field near Richmond forms an ex- 
ceptional case—its longest axis being north and south, and: hence 
parallel to the corresponding part of the Atlantic coast. 

It is worthy of remark, that the northwest margin of the belt 
of Mesozoic rocks, north of James River, skirts the southeastern 
base of a range of ridges running nearly parallel with the Blue 


* Prof. Fontaine, of the Virginia State University, and Prof. White, of the Uni- 
versity of West Virginia, seem to have established the identity of a number of 
species of the flora of this group with those of the recognized Permian in other 
regions, American and foreign. , 
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Ridge, and known by different names, as Cittocton Mountain 
in Loudoun county, Bull Run Mountain in Fauquier; and 
farther to the southwest, its several parts are known as South- 
west, Green and Findlay's Mountains. This leads to the in- 
ference that the broken range thus designated was the shore 
line of the Mesozoic sea in which these groups of strata were 
deposited. 

nother point worthy of note, in connection with the topog- 
raphy of the tracts, is that they differ from one another but 
little in their elevation above tide-level, though separated by 
intervals of many miles. This has been determined by the 
surveys of the railway lines by which they are severally 
traversed, and on which we give the elevations of only such 
points as are actually on Mesozoic strata. For examples, on 
the Virginia Midland Road, Manassas station is 317 feet above 
tide; the average elevation from that point to Culpeper is 300 
feet ; the portion of the Manassas and Strasburg branch of the 
same road, as far as it runs on this formation, has an average 
elevation of 351 feet, the minimum being 317, and maximum 
395 feet. On the Richmond and Danville road, Coal-field 
station is elevated 320 feet above tide, and Powhatan station 
317 feet. Farmville on the Norfolk & Western road, where it 
crosses Mesozoic rocks, has an elevation of 316 feet. At these 
several points only the Jurasso-Triassic beds (16-17) are found, 
with none of the newer beds of Jurasso-Cretaceous overlying 
them, hence we may conclude that they were elevated above 
the level of the sea before the Cretaceous epoch. And, after 
making allowance for a considerable amount of erosion and 
denudation, we may very reasonably conclude that the sea 
bottom, which received the latest deposits of 16-17, has been 
lifted omy aspace of at least 400 feet above present tide- 
level, plus the depth of the water in which those deposits were 
made; and that the uplift was simultaneous and very uniform 
in extent, over an area 200 miles long and 50 or 60 miles wide, 
or fully one thousand square miles. 

TERTIARY AGE.—Locene, Miocene, Pliocene, (19 a, c.)\— 
Rocks of this age cover a very large area in the eastern part of 
the State. A line from Aquia Creek, on the Potomac, running 
south through Richmond and Petersburg to the North Carolina 
line, would mark out approximately the western border of this 
area, while it covers all the territory between that line and the 
Atlantic coast. Its total length is about 180 miles by a 
meridional line, and its width from Richmond eastward to the 
mouth of the Rappahannock River is about 65 miles, and at 
the latitude of Norfolk 80 miles. 

Although Quaternary Drift obscures much of the surface 
of this Tertiary region, the banks and bluffs of the many 
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streams traversing it afford numerous exposures of Tertiary 
strata, with their characteristic lithological features and fossil 
remains. These are readily accessible on several lines of rail- 
way, and along the rivers below Fredericksburg, Richmond and 
Petersburg. 

We shall direct attention to only a few points of special interest 
in connection with Prof. Rogers’s work in this interesting field. 
As early as 1835 he writes, “The existence of an extensive 
Eocene formation in eastern Virginia is now for the first time 
announced as furnishing an interesting step in the geological 
inquiries which are now on foot,” ete. : 

he Miocene covers the greater part of the Tertiary of Vir- 
ginia, but we shall note only two points of special geological 
interest, as illustrating the appreciation the scientific world has 
placed upon the work of Rogers in this portion of his great 
field. His description of the cliffs near Yorktown, and the de- 
tailed account he gives of the contents of their fossil beds, have 
made that region classic ground for the modern geologist, and 
have given the Miocene the title of “ Yorktown Group ”"—a 
title found in almost every extended discussion of the Tertiary 
age among American writers. 

A second point relates to the history of the first discovery of 
the famous infusorial bed, which crops out conspicuously along 
the slopes of the hills on which the city of Richmond stands, 
and at several other places in Virginia, as well as on the Mary- 
land side of the Potomac. Although this interesting feature 
of our geology has for years commanded the attention and ad- 
miration of the scientific world, and the beautiful picture of its 
diatoms developed by Ehrenberg’s microscope, become familiar 
to the eye of every geologist, we doubt whether many of our 
younger co-workers know much about the history of its first 
discovery. We deem it proper, therefore, to say that, after 
giving a general account of his first discovery and microscopic 
examination of the contents of this wonderful deposit of what 
was then regarded as “infusorial animals,” Rogers says, “ In 
view of these interesting facts, the discovery of the in/fusory 
Stratum, as one of the members of our series of Tertiary de- 
posits, cannot fail to be regarded as an important addition to 
our knowledge of the Tertiary of this country, and has the 
greater interest at present, as being the first example yet ob- 
served in the United States of the occurrence of infusorial 
remains in any but the most recent geological formations.” His 
latest view of the geological position of this formation is, that 
it is near the base but still wihin the Miocene group. We are 
ready, from personal observations, to accept this conclusion. 

Virginia and West Virginia together present a vast field, em- 
bracing within itself an almost complete system of geological 
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formations, of which we have given only some of the promi- 
nent features. While a great work has been done by Rogers 
and others, the material of the field is far from being exhausted ; 
and the amateur student can readily find access to any particular 
formation or group, which he may desire to make a special 
subject of study. 

Washington and Lee University, Lexington, Virginia, 1885. 


ART. XX.— Observations on the Tertiary of Mississippi and 
Alabama, with descriptions of new species; by D. W. Lane- 
DON, JR., Geological Survey of Alabama. 


In the following notes will be found a statement of some per- 
sonal observations upon the Tertiary of Alabama and Mississippi, 
made the past season, which may help to settle the point of 
dispute recently raised over the stratigraphy of the region. 


Just above the Vicksburg and Meridian Railroad bridge 
over the Pearl River at Jackson, Miss., and on the west bank, 
the following section is exposed: 


Pearl River Section, No. 1. 
Surface soil and drift pebbles 
1. Caleareous blue joint clay, very much like the “ Rotten 
limestone” of the Cretaceous. Fossils generally de- 
composed, Pecten nuperus Con., Ostrea pandeformis 
Gabb, well-preserved. Lower portion full of a mad- 
repore known locally as “nigger heads” 
2. Fossiliferous marl containing the ‘‘ Jackson” shells, 
slightly glauconitic. Upper portion reddish, lower 
part binish gray. Not very sandy 10 feet. 


From a point a few hundred yards below the railroad bridge, 
following the river down, there are seen no exposures of Ter- 
tiary strata until arriving at a small bluff on the east side of 
the river and estimated to be about a half mile squth of Jack- 
son. Here an exposure of the calcareous clay (No. 1, of the 
above section) six inches thick, is seen just above the water. 
This streak continues for two miles, never showing more than 
two feet of strata until reaching Richmond Lake Bluff, four 
miles a little west of south of Jackson, where it shows four feet 
thick overlaid by river alluvium. The last of these clays dis- 
appear below the water about a half mile further down the 
river. The fossils of this clay are principally Ostrea pande- 
Jormis Gabb, Venerecardia planicosta Blain., and other shells too 
friable to be distinguished, as well as fragments of Crustacea. 
The outcrops up to this point are not extensive enough at any 
one place to estimate the amount of the dip, but the direction 
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is plainly southern, as the clays (No. 1 of my section 1) are 
seen at the water’s edge here. For several miles nothing is 
seen along the river bank, but finally at a point ten miles 
by river (about six directly) above Byram the “lignitiferous 
sands” mentioned by Hilgard* first appear as in Section 2. 


Pearl River Section, No. 2. 


1, Laminated gray micaceous sands very slightly argilla- 
ceous, containing fragments of leaves, and bits of 
lignitic matter, but no fossils distinguishable 

2. Earthy lignite 

8. Gray micaceous sands to water level 


The strata show at this point a dip of about twenty feet in a 
hundred toward the south. The exact point of contact with 
the Jackson clays is not seen, but the gap between this section 
and the last exposure of my No. 1 of section No. 1, is not 
more than a quarter of a mile, and as both show a southern 
dip, the natural inference is that their distance apart vertically 
cannot be great. . About a quarter of a mile still farther down 
the river there is an evidence of slight rolls in the strata, but 
the tendency of the dip still remains southerly. A gap of 
about a quarter of a mile then occurred and the gray sands 
when next seen were dipping southward very rapidly, as much 
as five feet in a hundred, and fully fifty feet of strata are ex- 
exposed. This dip, as well as the one previously noticed, is 
abnormally great, and is probably due to some local disturb- 
ance. In the upper part of the fifty feet observed, the sands 
became somewhat indurated, forming overhanging ledges two 
or three feet thick, the lower portions contained bits of lignitic 
material and pyrite; a large log two feet in diameter and com- 
pletely lignitized, was also seen. Another gap of about a 
) wore of a mile occurred and then appeared the first evi- 

ences of Vicksburg strata in a high bluff on the east bank of 
the river, where the following section is seen : 


Pearl River Section, No. 3. 


Surface soil, growth mainly Pinus australis. ......-----. 4 feet. 
1. White limestone, upper portion decomposed, lower 
part harder and slightly crystalline; contains Orbi- 
toides Mantellit Mort., Pecten Poulsoni Mort., and 
casts of several bivalves 
2. Gray calcareous clay containing Pecten Poulsoni Mort., 
and other fossils all very friable 
3. White limestone containing some indurated irregular 
ledges,—no fossils seen : 5 feet. 


* This Journal, p. 268, No. 178, vol. xxx. 
+ Under this name I include the two species usually ascribed to this genus. 
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4. Highly fossiliferous decomposed greensand, the grains 
of quartz small,—fossils mainly casts and showing a 
preponderance of bivalves—Pecten Poulsoni Mort., 
Orbitoides Mantelli Mort., very well preserved— 
Conus sauridens Con., Cardium Vicksburgense Con., 
and Buccinum Mississippiensis Con., as casts 4 feet. 
5. White limestone with Orbitoides Mantelli Mort. Show- 
ing to water’s edge about 200 yards farther down 
stream where it is about 12 feet thick 
Talus obscuring face at this point 


The appearance of the limestone at this point resembles more 
closely that at St. Stephens in Alabama than any I have yet 
seen in Mississippi. A half mile below we have 


Section 4. 


1. White limestone containing a few greensand grains 
and occasionally an O. Mantelli Mort 4 feet. 
2. Decomposed greensand indurated and breaking off in 
reat blocks. Contains Orbitoides Mantelli Mort., 
ecten Poulsoni Mort., and numbers of casts. 
Rather large quartz grains disseminated through the 
bed 4 feet. 
3. Blue glauconitic, sandy marl, containing Pecten Poul- 
soni Mort., Discoflustrellaria Bouei (G. and H.), Zur- 


binolia pharetra Lea, and two species of Madrepora. 4 feet. 


From this point down to Byram Station the strata are ex- 
posed continuously either on one bank or the other, so that the 
connection can be easily kept in sight. Half a mile below 
the last section the strata are exposed ina bluff half a mile 
long and running almost due south, thus affording an excellent 
for estimating the dip. For this purpose two hard 
ledges of Orbitoidal limestone five feet above the water were 
selected, and in three hundred yards they passed below the 
river level. Just around a bend, the river cuts across the 
strike, and, at this point, No. 2 of my section 3 has sunk 
nearly to the water’s edge, which, as this point is three or four 
miles west of where the section 3 was made, shows a westerly 
inclination of six or seven feet to the mile. The resultant of 
these two dips shows a southwesterly dip. At Byram Station 
on the Illinois Central Railroad, ten miles from Jackson, the 
following section is exposed : 


Section 5. 
Surface soil 
1, Reddish marl, containing a few grains of glauconite 
and numbers of Pecten Poulsoni Mort., and Orbitoides 
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2. Bluish gray marl, like the above, containing very little 
grit. Fossils—Pecten Poulsoni Mort., Ostrea Vicks- 
burgense Con., Cardium diversum Con., Crassatelia 
Mississippiensis Con., Sigaretus Mississippiensis Con., 
Orbitoides Mantelli Mort., Cytherea imitabilis Con., 
Turritella Mississippiensis Con., Cytherea sobrina 
Con., Mitra conquisita Con., Turbinella protracta 
Con., Madrepora Mississippiensis Con., Cithura Mis- 
sissipptensis Con., Arca Mississippiensis Con., Terebra 
divisura Con., Pleurotoma congesta Con., P. tenella 
Con., P. (Scobinella) ecelata Con., P. cristata Con., P. 
cochliaris Con., Aporrhais lyrata Con., Cariceila 
demissa Con., Oliva Mississippiensis Con., Triton 
crassidens Con., T. abbreviatus Con., Solarium triline- 
atum Con., Ficus Mississippiensis Con., Capulus* 
Americanus Con., Cyprea lintea Con., Phorus humilis 


The strata of this section overlie about twenty-five feet of 
white limestone which rests immediately upon the top of sec- 
tion 3. These marls are overlaid by white limestone, hard 
ledges of which are seen cropping out of the river bank below 
the ferry at this point. The marl gradually sinks out of view, 
and is entirely submerged, within a short distance below the 
ferry. 

There is at Yazoo City an exposure sixty feet thick of gray 
calcareous clays which resemble very closely No. 1 of my 
section 1. hese clays contain Ostrea pandeformist Gabb, 
Venericardia planicosta Blain., Pseudoliva perspectiva Con., Nu- 
cula magnifica Con., Natica permunda Con., Cytherea sobrina 
Con. and Zeuglodon cetoides vertebre. 

These observations, I think, establish beyond dispute the re- 
lation of the Jackson beds to the Orbitoides limestone and marl 
beds of Byram station. The river, at the time, was at a very 
low stage, affording excellent sections. 

As has been observed by Smith} the lower portion of Tuo- 
mey’s White Limestone in Alabama forms a stiff black prairie 
soil, with a growth of hickory and oak. The upper portion, on 
the other hand, is characterized by slightly undulating open 
“piney woods” with numerous limesinks. The former, Jack- 
son of Hilgard, is identified by Spondylus dumosus Mort., 


* Rather a strange association; the species was described from Jackson and 
has not before been found in Vicksburg strata. 

+ Dr. White (Fossil Ostreide of North America), says of this Ostrea: “It is 
described from the Cretaceous of Mississippi, but not having been figured it seems 
impracticable to identify it.” The fossil mentioned above answers very well to 
Gabb’s description and is found in close proximity to the original locality. From 
the associated fossils the strata are plainly Tertiary, though the black soil is apt to 
mislead one. 

¢ Geol. Sur. Ala., 1881-82, page 236. 
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Ostrea Mortonii Gabb, and Zeuglodon vertebra, while the latter 
is recognized by the crystalline character of its limestone, as 
well as by its fossils, Pecten Poulsoni Mort. and Orbitoides 
Mantelli Mort. In Alabama this prairie soil invariably occurs 
north of these limesinks, and as a southern dip is everywhere 
recognized the natural inference is that the strata forming the 
prairie soils should underlie or be older than those forming the 
limesinks. I have observed these prairie soils in Clarke Co., 
Mississippi, near Shubuta, and east of that point crossing over 
into Alabama north of the boundary of Choctaw and Wash- 
ington Counties. They continue from the Alabama line on- 
ward into north Washington County, to between St. Stephens 
and the line of Choctaw County. From this point they can be 
traced across Clarke County, always occurring north of the 
“limesink country,” into Monroe County where the writer's 
investigations terminated. 

At St. Stephen’s Bluff on the Tombigbee River we have 
the following section : 


1. Soft white limestone, the upper part containing num- 
bers of Orbitoides Mantelli Mort., Pecten Poulsoni 
Mort., and a few Scutella Rogersi Mort., all of which 
become less frequent in the lower 20 feet, the litho- 
logical character remaining the same 75 feet. 
2. Indurated ledge of blue argillaceous limestone con- 
taining Ostrea eversa Mellv. and large Spondylus 
dumosus Mort. on the under side of the ledge. Some 
of these Spondyli measure 3” x 24" 6 feet. 
3. Calcareous clay holding a few obscure fossils, mainly 
bivalves 4 feet. 
4. Yellow glauconitic marl containing nodules of phos- 
phate of lime and some few phosphatic casts—a 
Conus, several madrepores and Ostrea Mortoni Gabb, 15 feet. 


This section was made at the old Spanish powder magazine. 
About a half mile below, at the steamboat landing, No. 4 sinks 
out of view showing a southern dip. 

West of this bluff and at a greater elevation, the limestone 
becomes crystalline and shows in weathered masses above the 
surface in the Cedar grove covering the old town of St. Stephens, 
where the inhabitants call it “ horse-bone” rock. 

The Claiborne Ferruginous Sands (Smith) seem to become 
lignitic as we go west; for thirteen miles west of Bladon Springs, * 
Choctaw County, the following section is exposed : 


Surface soil and drift pebbles...........--.--.-----.-- 3 feet. 
1. Limestone somewhat argillaceous,—contains one or 
two hard ledges a foot or two thick—forms prairie 
soils—no fossils seen 40 feet. 
2. Indurated limestone ledge full of fossil casts 


Mississippi and Alabama. 


3. Greenish black sandy clay with pockets of sand con- 
taining Monoceros vetustus Con., Crepidula lirata 
Con., Voluta Sayana Con., Turritella vetusta Lea, 
Turritella Mortoni Con., Cardita planicosta Lam., 
Rostellaria velata Con., Corbula Murchisonii Lea, 
Corbula Alabamiensis Lea, Cytherea globosa Lea, 


A careful examination of the fossils contained in the cabi- 
net of the University of Mississippi failed to bring to light 
any fossils of this stratum (Ferruginous Sands). Through the 
courtesy of Dr. Geo. Little I was shown the section made by 
him along the course of the Chickasawhay River and I found 
nothing that in the least resembled this stratum. There are 
however several specimens of leaf impressions in a red shale 
labeled “Claiborne,” for the age of which Dr. Hilgard must 
have relied upon stratigraphical data. The only representative 
of the strata showing at Claiborne Bluff is the “ aes sellee- 
formis bed” (No. 6* of Aldrich) which occurs at Enterprise, 
eight miles southwest of Enterprise on Suanlovey Creek, and 
eight miles southwest of Decatur, Newton County. 

In the railroad cut northeast of Enterprise occurs a light 
gray claystone having fucoidal impressions, just like the buhr- 
stone at Lisbon, Ala. There is another exposure of the Lisbon 
strata in a railroad cut twenty-five miles west of Meridian, as 
follows : 


Surface soil 

1. Light gray sandy clays,—fossiliferous 12 feet. 

2. Gray buhrstone with root-like impressions on upper 
surface 6 feet. 


At Lisbon, Ala., a more careful examination has shown the 
“Scutella bed” (Smith) =/ of O. Meyer’s section,+ exposed 
140 feet above the river level, which confirms the connection 
between Lisbon and Claiborne.t 

These observations, it is hoped, will assist in establishing 
conclusively the relations of the Vicksburg, Jackson, and Clai- 
borne beds. 

Half a mile above the Upper Landing at Claiborne, Ala- 
bama, a rather interesting section is exposed in the road lead- 
ing to the ferry. The section given is not one of the whole 
bluff, but of a small promontory on the roadside, showing 
however the relative positions of the underlying and overlying 
strata. 

* This Journal, vol. xxx, No. 178, page 302. 


This Journal, vol. xxx, No. 175, page 69. 
This Journal, vol]. xxx, No. 118, page 303. 
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Section on Ferry Roan, Crarporne, Ata., Wuite LIMESTONE. 


1, Scutella bed (fof O. Meyer’s Claiborne Section) .-.18 inches, 

2. Ferruginous sand,—somewhat more argillaceous than 
No. 4 and containing Hipponix pygmea Lea,* Hip- 
pagus isocardiodes Lea,t Nucula Brogniarti Lea, Ros- 
tellaria velata Con., Astarte sulcata Con., Dentalium 
thalloides Con., Corbula Murchisonii Lea, Lunulites 
Bouéi Lea, Turbinolia pharetra Lea, T. Maclurii Lea, 
Flabellum Wailesii Con.,t Crassatella protexta Con., 
Scutella sp. ?, Ostrea Mortoni Gabb, Pecten Deshaye- 
sti Lea, Verticordia Eocensis, sp. nov., Avicula Clai- 
bornensis Lea, Cytherea equorea Con., Bulla galba 
Con., Bulla (Haminea) Aldrichii, sp. nov., Nucula 
ovula Lea, Venericardia parva Lea, Turritella lineata 
H. C. Lea, Turritella Mortoni var. Con., Solarium 
stalagmium Con., Erycina equorea Con., Teredo sp., 
Pyramis suleata Con., Obiliscus perexilis Con., Leda 
equalis Con., two species of Madrepora, Chiton sp. ? 
and the claw of a Cancer 

3. Gray laminated clays irregularly interstratified with 
yellow sands. In the lower portion of the stratum 
are leaf impressions, and a variable streak of lignite 
which in places attains a thickness of two inches.... 8 feet. 

4, Claiborne Ferruginous sands 

Indurated sandy ledge (1 of Aldrich).t 


No. 3 of this section seems to be developed only at this 
point, as across a gully not more than a hundred yards down 
the river the clays lose both their laminated and lignitic char- 
acters and the whole stratum becomes a mottled gray and red 
argillaceous sand which is non-fossiliferous; the ferruginous 
sands become about six feet thick. An examination of four or 
five other localities where the ferruginous sands are exposed 
failed to show any association with lignitic clays. 


Descriptions oF NEw SPECIES. 


Verticordia Eocensis nov. sp. 

Shell rotund, beak recurved, elevated and striate, substance 
of shell rather thick, lunule obscure, one prominent cardinal 
tooth, lateral teeth oblique, margin dentate and crenulated 
between dentations; nacre brilliantly pearly; muscular im- 
pressions two, profound ; pallial line obscure; closely ribbed ; 
ribs about 16, crenulate, radiating regularly from the beak and 
slightly recurved. 


Length.... ‘25  Breadth.... ‘25 Height.... 


*This bed seems to be the natural horizon of these two fossils, for while they 
are very abundant here, they are seldom found in the ferruginous sands proper. 

+ Described from Jackson; has not yet been found in ferruginous sands but 
occurs occasionally in No. 1 of Aldrich’s section. 

¢ This Journal, vol. xxx, No. 178, page 302. 
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This, I believe, is the first Verticordia described from the 
Eocene, there having been only three species known among 
living and fossil shells, two of these being Miocene. Differs 
from V. Emmonsii Con., in being rotund and having more ribs, 
and from V. cardiiformis Wood in having no striations between 
the ribs, in being more rotund, and showing no incurving of 
the ribs as they approach the ventral margin. 

Claiborne, Ala., and Jackson, Miss. 


Bulla (Haminea) Aldrichi, nov. sp.* 

Shell elongate oval, substance rather thin, punctate-striate, 
strie about 20, transverse ; spire involute ; FE sic sharp and 
slightly dentate; mouth longitudinal and rather larger at base 
than at top; columella very slightly thickened at the base. 


Breadth 


Resembles B. glaphyra Desh., but differs in the strize which 
are in B. Aldrichi from the. top to the bottom, while in B 
glaphyra Desh. they are confined to the upper and lower thirds - 
of the shell. 

These two species will be figured in the forthcoming Report 
of the Geological Survey of Alabama. 


Art. XXI.—On the Area of Upper Silurian rocks near Cornwall 
eastern-central Orange Oo., N. Y.; by Newtson H. 
ARTON. 


In the course of a detailed examination of the formations 
other than Archean in Orange Co., N. Y., the writer has made 
a careful study of the locality long known as the Townsend 
Tron Mine, and its vicinity, where, in a limited area, a small 
mass of Lower Helderberg limestone has been protected from 
the general denudation by a firm backing of coarse, strongly 
cemented sandstones ; the whole forming a hill, passing a few 
meters west of Cornwall Station. Its more prominent geolog- 
ical features are shown on the accompanying map. 

The occurrence of this series of fossiliferous strata, so far dis- 
tant from the main mass of the formation to the north and 
west was first noted by Dr. Horton in the Report of the Nat- 
ural History Survey of New York for 1839. On page 151, in 
a very general description there is the statement—“ its apparent 
position is between the slate and grit-rock or Millstone grit of 
Prof. Eaton.” The exact meaning of this is not entirely clear ; 
Prof. Eaton’s “ Millstone grit” would in this instance be equiva- 


* Named in honor of my friend, Mr. T. H. Aldrich, of Cincinnati, Ohio. 
Am, Jour. Sci.—THIRD SERIES, VOL. XXXI, No. 183.—Makcu, 1886. 
li 
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lent to the Oneida-Medina of the New York Survey, but the 
slate referred to may be that of Ordovician age immediately 
underlying, or of the slaty rocks of the various formations over- 
lying the Lower Helderberg. Dr. Horton, however, considered 


ICornwall Stz 


Upper Silurian area near Cornwall Station, Orange Co., N. Y.: Scale one metre 
=,mm. Blocked area, limestone; finely blocked, shaly limestone; dotted, sand- 
stones and conglomerates; black, Water-Lime rock; simply lined, shales. 


the slates of this district as the “Transition” argillite of Prof. 
Eaton, which is equivalent to the Primal slates of Prof. Rogers 
or the highest member of Dr. Hunt’s Taconian series, which 
would make it appear possible that he had considered these 
limestones to be Potsdam or Trenton. In continuation, Dr. 
Horton states that the characteristic fossil is an “encrinite - 
although many others occur.” The associated grit rocks were 
considered Oneida-Medina, similar to others in the county. 

Prof. Mather in his final Report, p. 362, agrees in this last, but 
states (p. 851) that the limestones belong to the Catskill shaly 
division and contain Strophomena rugosa and S. radiata in 
abundance. Dr. Horton’s statements are quoted infull. Again, 
on p. 490, the limestones are referred to, and the opinion of 
their southward extension considered untenable. On p. 618, 
the dip is stated. Several sections of the district are given by 
Mather, one on plate 5 (fig. 13) is stated to be very imperfect 
in a note on p. 637, and one on plate 45 (fig. 1) is offered in its 
place. Another section on a larger scale, and of the mine 
alone, forms fig. 14 on plate 5, but is very incomplete. 

In 1863, G. Dennison, in the Report of the New York Agri- 
cultural Society, notes the occurrence on the remarkable geo- 
logical map of Orange County accompanying his paper. He 
also repeats the section by Mather last noted. In 1868, the 
locality was shown on the useful map accompanying the Geology 
of New Jersey by Prof. G. H. Cook. In 1878, Dr. T. S. Hunt 
referred to the locality and quotes Mather and Horton.* 


* Azoic Rocks, Report E, 2d Geological Survey, Pa., p, 36. 
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In the Transactions of the Vassar Bros. Inst., vol. ii, 1883-4, 
p. 74, Professor W. B. Dwight reviews at considerable length 
the observations of Horton and Mather and gives an account 
of a partial examination of the locality. e especially de- 
scribes the small quarry to which I shall soon refer, but the 
shaly limestone with its very varied fauna, and the fine expo- 
sures in the railroad cut, besides others of lesser interest, are not 
noted. He points out the succession of strata to be as fol- 
lows: Oneida-Medina sandstones forming the eastern side of 
the hill overlaid southward-by red shales possibly of Clinton 
age, and in the quarry, by the Tentaculite division of the 
Water-Lime Group, the Lower Pentamerus and probably the 
Catskill shaly. The iron ore is stated to be eating superficial 
and derived from the red shale and limestone at their contact. 

In 1885, J. C. Smock, in the Report of the Geological Sur- 
vey of New Jersey for 1884 (p. 35) refers to the occurrence in 
connection with the discussion of the Devonian age of the 
Green-Pond Mountain Series. Later in the same year, Darton 
reviews this last noted paper in the Scientific American Supt., 
1877, and reference is made to this area. 

In these several accounts and references, but little more than 
a general statement of the prominent features are given and in 
a more or less disconnected manner, with the exception of the 
notice by Prof. Dwight. That such an insular area would 
yield very interesting results, when examined in detail, ap- 
peared very probable to the writer, and the following observa- 
tion will, I trust, show that this opinion was well founded. 
The hill composed of the formations under discussion rises ab- 
ruptly from the meadows and drift plains on either side, to a 
height of about 35 meters. Its length is nearly a kilometer 
and a half and its greatest breadth 250 metres; the trend is 
N.N.E.-S.S.W. parallel to the strike of its rocks. The 
eastern face is steep, in places precipitous, and exhibits an 
almost continuous outcrop of coarse red sandstones or congiom- 
erates with occasional intercalated beds of red shale. Toward 
the southern termination, a mass of drift lies against the eastern 
side nearly to its crest, but conglomerate outcrops at a low 
level near the end. 

The cementing material of these rocks is generally very 
siliceous, the bedding heavy and irregular; the principal con- 
stituents are more or less finely comminuted massive quartz, 
no pebbles holding fossils were found on careful search. The 
thickness of the strata varies from 15 to 30 meters, decreasing 
northward, and in the railroad cut shown on the map, the 
following section is exposed, from east to west. 
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1. Sandstones, conglomerates and shales, interbedded -_20 meters. 
2. Arenaceous limestones thickly bedded and much 
fissured diagonally 
3. Less impure more thinly bedded limestones. 
members holding Water-lime fossils 
4, Very fossiliferous, heavily bedded limestones hold- 
ing Pentamerus and Delthyris shaly fossils 


These beds are very nearly vertical and strike N.N.E.; 
they graduate into each other almost imperceptibly ; and 2 and 
8 are considerably altered, holding in fissures and along bed- 
ding planes veins of quartz and iron oxides. In the upper 
members of 3, several remains of Leperditia alta were found. 
They were somewhat scattered and only fairly well preserved ; 
detailed search in this and the adjacent beds failed to discover 
more. In a bed a few decimeters above, a mass of Favosites 
Helderbergia H. was found, and near by a Zaphrentis Rémeri #., 
in a very poor state of preservation, but 40 mm. long by 380 in 
diameter. 

In beds 4 the following species and individuals were found. 


* Astylospongia inornata H., many specimens; Fenestella, two 
forms ; * Chetetes Helderbergia H.,1 specimen; *Fuvosites Helder- 
bergia H. and other Favosites sp.?; Cladopora sp.?; *Zaphrentis 
Rémeri ., 2; *Streptelasma stricta H. 15 mm. long, 3; Fistuli- 
pora sp.?; Crinoidal remains; Orthis oblata H., 3; * Orthis per- 
elegans H., 4; Streptorhynchus Woolworthana H., 2; *Stropho- 
mena rhomboidalis W ahl., 23 ; *Spirifer cyclopterus H., 9; *Spiri- 
Serina perlamellosus H., 13; Cyrtina Dalmani H., 1; *Nucleospira 
ventricosa H., 1; Rhynchonella pyramidata H.,2; R. formosa 
H.; *R. transversa H., 1; Meristella sp.?; *Atrypa reticularis 
Linn., 84; * Pentamerus galeatus Dal., 176; *Platyceras Gebhardi 
H.,1; P. platystomum H.,1. The names asterisked are of species 
occurring as complete individuals or impressions ; and the others, 
of those found only in fragmentary valves, casts or impressions. 


Although occurring at every point here, the Pentamerus 
galeatus is especially abundant in the more western bed exposed, 
where its water-worn valves literally fill some of the layers. 

In their continuation southward, these strata are obscured by 
the drift which reaches quite to the summit on this part of the 
west side of the hill. But in a small quarry a few dozen meters 
south of the cross road, a fine exposure is found (at 5 on the 
map). The Water Lime rocks are exposed for a thickness of 
about a meter and the sandstone outcrops a few meters to the 
east. On one of the limestone layers remains of Leperditia alta* 
occur in abundance associated with fragments of Spirifera 
Vanuxemi H.,* and indeterminable corals and crinoids; immedi- 
ately overlying are beds holding the following remains : 


* Also noted by Dwight. 
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Bryozoans, many ; Favosites Helderbergia H.;* Corals and Cri- 
noids; Streptorhynchus Woolworthana, H. ;* (5) Strophodonta 
variastrata Con.; Spiriferina perlamellosus H.;* Atrypa reticula- 
ris Linn. ;* Pentamerus galeatus Dal.;* Orthoceras sp. ?+ 


These beds dip N. 65° W. > 85 and a thickness of about 
four meters is exposed here. 

Beginning at the cross-road and extending northward for 
several hundred meters, overlying beds are seen in the steep 
hill-side, and at 6 on the map the following remains were 
found. 

Bryozoans, many ; Streptelasma stricta H. (25™™ in length) ; 
Orthis oblata H., three casts; Streptorhynchus Woolworthana,* 
H., two valves; Strophomena rhomboidalis Wahl.,* fragments; 
Spiriferina perlamellosus* H., four valves ; Meristella levis Con., 
one impression; J. arcuata, H., one cast. 


Northward, these beds run under the drift ; but southward they 
appear to be continued as thinly bedded, soft, shaly limestones, 
of light color, and superficially intercalating with beds of iron 
oxides which extend with them to the southern termination of 
the hill forming its western border. They are exposed only 
in the several open cuts from which the iron ores have been 
worked. In cuts number 3 and 4, the ore is entirely in 
this limestone; but in 2 and 1, the ore lies along the line of 
contact with a series of brown shales, a few meters in thick- 
ness which are separated by a considerable mass of bright red 
shales from the sandstones and conglomerates of the eastern 
side of the hill. These relations are shown in detail upon the 
map. The shaly beds yielded but one fossil after very thorough 
examination, and this was a section of a Crinoid stem showing 
no generic characters. 

A notable feature of these beds, and of those of the shaly 
limestone, is an anticlinal fold along their extreme western bor- 
der; the steep southeast dip abruptly changing to a gentle one 
in the opposite direction. The fold is first noticed in the en- 
trance to cut 5, but it is finely exhibited in cuts 2 and 1 (see 
section on map), where the change is very abrupt and the shaly 
limestone but little disturbed; the brown shales in the east 
wall of both cuts show great disturbance. This fold appears 
to be a local crumple; it will again be referred to in a sub- 
- sequent paper on the structure of the entire district. 

The shaly limestone may extend out under the meadows on 
this side of the hill; the thickness in sight is about ten meters, 
including the ore beds) Wherever exposed, these strata con- 
tain characteristic Delthyris-shaly fossils; but in cut 2, on the 
western side of the fold, the finest specimens have been 


* Also noted by Dwight. 
+ Dwight found a specimen recognizable as 0. longicameratum H. 
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found, and in the greatest abundance. They all consist of 
casts or impressions and are preserved to perfection in a soft 
white or buff matrix of very fine grain and uniform texture. 
Their abundance is wonderful, and nearly all the individuals 
noted in the following table were found in half a cubic meter 
of shale. (Excavation is now necessary to expose this bed.) 

It was considered desirable to ascertain the relative propor- 
tions of each of the species represented, and a count was kept 
until 500 individuals had been recognized, with the results 
given in the first column after the name; those noted in the 
second column were obtained at other times. 


Proportion in | Number of ad- 
ditional speci- 
Individuals. (mens collected. 


2. Astylospongia inornata H. 
1, Fenestella. Three forms 

Several undetermined Bryozoans 
Cladopora soriate .. 


Pholidops, two species, undetermined 
Orthis tubulostriata 
Orthis multistriata H. ................-. 
. Orthis resembling subcarinata H. 
Strophodonta variastriata Con. 
Strophodonta variastriata, var. arata H. 
Strophonella Headleyana ........-- 
Strophonella punctulifera Con 
Strophodonta Beckii H. 
Streptorhynchus Woolworthana 
Strophomena radiata Vanuxem 
Strophomena rhomboidalis Wahi.......-. 


Spirifer pyxidatus, H 

Spiriferina perlamellosus H.........-.--- 
Nucleospira ventricosa H. 
Rhynchonella pyramidata 
Rhynchonella formosa H............-.-- 
Eatonia medialis Vanuxem. 

Coelospira concava H._....... 
Coelospira imbricata H. 
Meristella levis Con 

Meristella arcuata H, 
Pterinea communis ................. 
Platyceras platystomum H., et al. sp.?_--- 
. Leperditia. 


w 


1. Represented by fragmentary valves, casts or impressions, etc. 2. Repre- 
sented by complete valves, casts impressions, etc. 3. Worthy of special men- 
tion in notes following. * Including F. althea H., F. arta H. 


3 
11 
18 
1 
1 
1 
16 13 
12 10 3 
13 4 1 
16 1 1 
11 23 
18 9 
19 3 1 
21 2 
23 Spiener cyciopteras 4 
24 Spirifer macropleurus 91 
26 2 
27 20 
28 2 
29 1 
30 3 
31 5 
32 | 10 | 2 
33 4 
34 3 2 
35 1 
36 21 
37 1 
38 3+2 | 2 
39 | 22 
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While the greater number of these species are characteristic 
of the formation at other localities, several are new to the for- 
mation, others entirely new species, and some present other re- 
markable features worthy of description ; such will now receive 
notice. 


4, Cladopora seriata H. <A fragment of this Niagara species 
was recognized. 

9. Pholidops. Represented by many casts and impressions, 
probably of two species, differing in several respects from the 
forms now known. They have been sent to Professor Hall for 
description. 

10, Orthis oblata H. Casts and impressions of this species 
were very abundant, often finely preserved ; considerable variety 
of form is presented and every stage of growth. 

13. O. multistriata H. Four ventral casts were found prob- 
ably of this species; two were of very young individuals, the 
others finely developed. They differ from those figured and de- 
scribed in Pal. of N. Y., vol. iii, by the entire absence of a sinus in 
their fronts which present a slight undefined elevation. The 
beaks are enormous, one cast 40X30™" has an obtuse beak 
17™” in height and 9™™ wide at its base, which is distant 12™™ 
from the front; it is deeply lobed and slightiy incurved. The 
other cast is 33x 25™™, the very obtuse beak 13™™ in height and 
12™™ wide at its base which is j Brea 12™" from the front. 


24. Spirifer macropleurus Con. Every stage of growth and 


variety of form is presented in the abundant casts of this 
species ; nearly four-fifths of these were of ventral valves. Some 
individuals were very large, casts 70x60™" are common. I 
found one 90™" wide and 40™™ long, but it is somewhat dis- 
torted. Many magnificent specimens were observed. 

25. S. arrectus H. This Oriskany species was represented by 
a ventral cast found in the eastern side of the anticlinal and there 
associated with many of the above noted species. 

28. S. pyxidatus H. Another Oriskany species, of which a 
dorsal cast and ventral impression were found. 

27. Spiriferina perlamellosus H. Very abundantly repre- 
sented by casts and impressions often of very large size. 

32. Eatonia medialis Vanux. Several very complete casts 
of individuals of large size were found, one 40 x 32™™, 

36. Meristella (arcuata?) H. This species is comparatively 
abundantly represented by ventral casts presenting considerable 
variety of form and generally very transverse ; one found is 50™™ 
wide and 35™™ long. The beaks are greatly incurved. 

38. Platyceras platystomum H. Several varieties of this form 
~~ found, one very similar to fig. 1, plate 61, of vol. iii, Pal. of 
39. Leperditia. A small species differing from any now 
known and represented by numerous casts and impressions about 
25™™1:5™", They have been sent te Professor Hall for de- 
scription. 
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While many other species presented minor features of inter- 
est, their description would enlarge this paper beyond its scope. 
Briefly stated, in conclusion, in this overturned series the sand- 
stones, conglomerates and shales are undoubtedly of older age 
than the limestones, but I am not inclined to assign them to 
any definite formation, out of consideration of their isolation. 
They may be more or less nearly equivalent to the Medina 
beds as exhibited in the Shawangunk Mts. The limestones 
immediately overlying, are without doubt equivalent to the 
Water-lime division, and these are in turn overlaid by lime- 
stones carrying a mixed Pentamerus and Delthyris-shaly fauna, 
the uppermost members of which in their southern extension 
are superficially decomposed and impregnated with iron ores, 
and they contain an abundant fauna, including some species of 
lower divisions, together with some formerly restricted to 
higher horizons. 

The relations of these formations to others in the district 
will be discussed in a subsequent paper. 

Finally the writer wishes to acknowlege his great indebted- 
ness to Professor R. P. Whitfield for his kindly aid and advice, 
without his assistance many of the more obscure species would 
not have been recognized. To Professor Hall I am likewise 
indebted for aid in the determination of obscure forms and for 
other favors. 

To my aids, Messrs. F. Marshall Smith and Wolcott Foster, 
I am also under obligations. 


Washington, D. C. 


SCIENTIFIC INTELLIGENCE. 


I. PuHysics AND CHEMISTRY. 


1. On the Dilatancy of Media composed of rigid particles 
in contact.— Notwithstanding the many hypotheses of matter, it 
does not appear that any attempts have been made to investigate 
the dynamical properties of a medium consisting of smooth hard 
particles held in contact by forces transmitted through the me- 
dium. Oszporne Reyno.ps has pointed out the existence of a 
singular fundamental property of such granuiar media, which is 
not possessed by known fluids or solids. To this unique property 
of granular masses he gives the name “ dilatancy” because the 
property consists in a definite change of bulk consequent on a 
definite change of shape or distortional strain; any disturbance 
whatever causing a change of volume and generally dilation, In 
the case of fluids, volume and shape are perfectly independent. 
But with granular media, the grains being sensibly hard the case 
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is entirely different. So long as the grains are held in mutual 
equilibrium by stresses transmitted through the mass, every 
change of relative position of the grains is attended by a conse- 
quent change of volume; and if in any i the volume is fixed, 
then all change of shape is prevented. Thus a group of equal 
spheres being so arranged that if the external spheres are fixed, 
the internal ones cannot move, any distortion of the boundaries 
will cause an alteration in the mean density depending on the dis- 
tortion and the arrangement of the spheres. If a canvas bag con- 
tain hard grains or balls, so long as the bag is not nearly full it 
will change its shape as it is moved about ; but when it is approx- 
imately full a small change of shape causes it to become perfectly 
hard. If instead of a canvas bag, an extremely flexible bag of 
india rubber be filled with heavy spheres (No. 6 shot), the envel- 
ope imposes no sensible restraint on their distortion ; so that when 
standing on the table it takes nearly the form of a heap of shot. 
But if the interstices between the shot be filled with water so that 
the bag is quite full of water and shot, no bubble of air being con- 
tained in it, and the mouth be carefully closed it will be found that 
the bag has become absolutely rigid in whatever form it happened. 
to be when closed. Since neither the envelope nor the water im- 
poses any distortional constraint on the shot, what it is which con- 
verts the heap of loose shot intoan absolutely rigid body? Clearly 
the limit which is imposed on the volume by the pressure of the at- 
mosphere. So long as the arrangement of the shot is such that 
there is enough water to fill the interstices, the shot are free; 
but any arrangement which requires more room is absolutely 
dea by the pressure of the atmosphere. The existence of 

ilatancy in sand explains the well marked phenomenon observed 
in walking on a wet beach. As the foot falls on the sand, it 
whitens or appears momentarily to dry around the foot. When 
this happens the sand is full of water, the surface of which is kept 
up to that of the sand by capillary attraction. The pressure of the 
foot causes dilation of the sand and more water is required which 
has to be obtained either by depressing the level of the surface 
against the capillary attraction or by drawing water through the 
interstices of the surrounding sand. The latter requires time to 
accomplish ; so that for a time the capillary forces are overcome, 
the surface of the water is lowered below that of the sand, leaving 
the latter dryer until a sufficient supply has been obtained from 
below. On raising the foot it is generally seen that the sand 
under the foot and immediately around it is wet ; because the dis- 
torting forces being removed the sand again contracts and the 
excess of water finds momentary relief at the surface. In the 
opinion of the author the recognition of this principle of dilatancy 
places a hitherto unrecognised mechanical contrivance at the com- 
mand of those who would explain the fundamental arrangement 
of the universe, and one which seems to —- great things. 
For example, hitherto no medium has ever been suggested which 
would cause a statical force of attraction between two bodies at a 
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distance. Such attraction would be caused by granular media in 
virtue of this dilatancy and stress. More than this, when two 
bodies in a granular medium under stress are near together the 
effect of dilatancy is to cause forces between the bodies in very 
striking accordance with those necessary to explain coherence of 
matter. So far as the integrations have been carried, it appears 
with a certain arrangement of large and small-grains that the 
forces between the bodies would be proportional to the product 
of the volumes divided by the square of the distance; i. e., that 
the state of stress of the medium may be the same as Maxwell 
has shown must exist in the ether to account for gravity.— Phil. 
Mag., V, xx, 469, Dec., 1885. G. F. B. 

2. On the use of the Induction Spark in Spectrum work.—In 
noticing Lagarde’s research on the hydrogen spectrum, E. W1EDE- 
MANN has criticised the results obtained, since the induction spark 
was used as a source of electricity. Hence the numerical values 
given in his paper have no exact significance and furnish only a 
general idea of the phenomena. It is a well known fact that the 
discharge of an induction coil is a complex phenomenon, the pri- 
mary discharge being followed by a series of partial discharges 
with decreasing intensity. Hence if the induction spark be used 
to produce spectra, the intensity and character of these spectra 
change with each partial discharge, one of these discharges pro- 
ducing perhaps a line spectrum while another gives rise to a band 
spectrum. But the effect upon the eye is even more complex. It 
is not the sum of the impressions which is observed, since the dimi- 
nution of visual sensitiveness with time is felt in a very different 
manner when the discharges are of different intensities. It is true 
that the Holtz machine is not so ready a means of supplying the 
_ spark as the induction coil. But that difficulty is more than coun- 
terbalanced by the accuracy of the results obtained with it. To 
prove that in Lagarde’s method there were partial discharges to a 
marked degree added to the principal one, the author constructed 
a tube of the same dimensions as that used by him, and examined 
the character of the induction spark within it by means of a revolv- 
ing mirror. In place of seeing a single line, a long luminous band 
was visible corresponding to a great number of partial discharges. 
—Ann. Chim. Phys., V1, vii, 143, Jan., 1886. G. F. B. 

3. On the Vapor-pressures of Mercury.—The great importance 
of an accurate determination of the pressures of mercury vapor 
at different temperatures, and the fact that the values given by 
Regnault and hitherto relied upon, are regarded by him as only 
approximations, has led Ramsay and Youne to experiment in 
this direction with an improved apparatus. It consisted of a 
U-tube connected with a manometer and enclosed in a jacket 
containing the substance whose boiling point gave the tempera- 
ture. The U-tube was filled with mercury and boiled to expel 
air. On heating it and diminishing the pressure by means of 
& pump, vapor was evolved from the mercury depressing the 
level on one side and raising it on the other. From the differ- 
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ences of level in this tube and in a manometer gauge connected 
with it, the vapor pressure was calculated. The temperatures 
chosen were the boiling point of methyl salicylate under atmos- 
pheric pressure; of bromonaphthalene under a pressure of: 
612°8""; of the same under a pressure of 756°2™"; of mercury 
and of sulphur. The temperatures corresponding were 222°15°, 
270°35°, 280°6°, 358°47° and 448°. The vapor pressures observed 
were 34:4, 12435, 157°15, 767°43, 2904°5 millimeters. The 
authors having shown that if a diagram be constructed in which 
the ratios at the same pressure between the heats of vaporization 
of two liquids at various pressures the same for both, form the 
abscissas, and the absolute temperatures of one of the two liquids 
corresponding to these vapor pressures, form the ordinates, then 
the points representing the relations between these ratios and 
the absolute temperatures will lie in a straight line—constructed 
the curve from the above data, combined with the absolute tem- 
perature of water required to give the above — pressures, and 
found it to be a straight line. By its means, other desired values 
were interpolated and a complete table of vapor pressures 
obtained for mercury and water between 135° and 520° A 
second table is also given, in which the vapor-pressures are calcu- 
lated for each degree centigrade; enabling the temperature of 
mercury vapor when used in a jacket, to be ascertained from the. 
observed pressure.—J. Chem. Soc., xlix, 37, Jan., 1886. G. F. B. 
4. On the limits of the conversion of Sodium carbonate into 
Sodium hydrate by means of Lime.—Lunex and Scumip have 
investigated the conditions of concentration, temperature and 
—— under which the maximum conversion of sodium car- 
onate is effected by means of caustic lime. Solutions of pure 
sodium carbonate of different degrees of concentration were 
heated to boiling for an hour in an iron vessel with an excess of 
lime, at the ordinary atmospheric pressure. Other similar solu- 
tions were similarly treated in copper tubes for the same time, 
continual agitation being secured by means of a stone placed 
inside. After the operation the solutions were analyzed; the 
total alkalimetric titer being effected with methyl orange as an 
indicator, and the sodium hydrate determined by Winkler’s 
method (addition of barium chloride and phenol-phthalein and 
titering with oxalic acid till the color disappears). As a result, 
it appears that at ordinary pressures, for solutions containing 2, 
5, 10, 12, 14, 16 and 20 per cent of carbonate, 99-4, 9971, 97°3, 
96°5, 95°0, 93°8, and 90-9 per cent respectively of the sodium had 
been converted into hydrate by this treatment. At high pres- 
sures, and at temperatures varying from 148° to 153°, for solu- 
tions of 10, 12, 14, 16 and 20 per cent of carbonate, 97°3, 96 6, 
961, 95°1 and 91°6 per cent of the sodium was in the condition of 
hydrate. These figures show that there is no special advantage 
in heating under high pressure ; a fact confirmed on the large 
scale by Jurisch who heated a mixture of specific gravity 1°157 
to 1177 for six hours under a pressure of three atmospheres and 
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obtained from 90°6 to 91°9 per cent of the sodium in the form of 
hydrate.— Ber. Berl. Chem. Ges., xviii, 3286, Jan., 1886. G. F. B. 

5. On the Phenol constituents of Blast Furnace tar.—A pre- 
liminary examination of a coal tar obtained from the Gartsherrie 
iron furnaces in which Scotch coals of low grades are used, 
showed that the oils of higher boiling point contained more 
compounds absorbable by acids and less phenol constituents 
absorbable by soda, than the oils boiling below them. Watson 
Sirn, aided by Messrs. Coutts and Broruers have examined 
these lighter oils in order to ascertain the proportion of phenol- 
constituents, by treating them with soda solutions of progress- 
ively increasing density, decanting and liberating the phenols by 
an acid. In this way 23°1 per cent of these substances were 
obtained from the oils. With regard to the basic constituents 
1160 c.c. of the tar oils were shaken for a day with 840c.c. dilute 
sulphuric acid of about 1:2 sp. gr. After 12 hours the acid was 
removed, neutralized with soda and salt added, and the whole 
allowed to stand in a graduated jar. The volume of basic bodies 
was read off and they were then dissolved in ether, the ether 
decanted and evaporated. In this way 150¢.c. crude bases or 
11°09 per cent were obtained. This richness in phenols is excep- 
tional, and far exceeds the yield of ordinary coal tar. The crude 
phenols were fractionated and it appeared that only 5°63 per cent 
distilled over between 180° and 210°, while 30 per cent passed 
over between 210° and 240°, and 18 per cent between 260° and 
300°. The fractionings were repeated and the products classified 
as A, boiling below 230°; B, between 230° and 300°; and C, 
above 300°. On examination of A, the product boiling between 
180° and 185° was phenol and readily solidified in a freezing 
mixture, melting again at 3°. With it boiling between 180° and 
200° were cresols. The portion passing over between 210° and 
225° was distilled over hot zinc dust and gave a mixture of 
xylenes with a little toluene; showing that the original material 
was xylenol, mixed with some cresol. Group B when similarly 
treated yielded trimethylbenzene, showing the original phenol to 
have been pseudocumenol; and naphthalene derived from naph- © 
thol present. Group C yielded naphthalene on distillation over 
zine dust and a yellowish mass of the consistence of butter which 
is reserved for further examination.—J. Chem. Soc., xlix, 17, 
Jan., 1886. G. F. B 

6. On the presence of Raffinose in Barley.—O’Sutuivan has 
submitted to examination some crystals obtained several years 
ago from barley and at that time labeled “sucrose from barley.” 
Under the microscope they were elongated flattened prisms ter- 
minated by a dome parallel to the shorter axis, the crystals radi- 
ating from a center. Optically, one specimen gave [a]j=125° 
and another [a]j;=114°. On solution, filtration, and the addition 
of alcohol, the liquid was filled with radiating groups of beautiful 
silky crystals, well defined rhombic prisms, having a brachydome. 
On recrystallization the crystals gave [a];=134°—135°, and their 
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analysis corresponded to the formula C,H,,O, for the anhydrous 
body. Calculated with the water lost on drying in a vacuum 
over sulphuric acid, the — formula is C,H,,0,(H,O),. or 
C,,H,,0,,(H,O), if doubled. These results leave no doubt that 
this sugar is raffinose and therefore establish the presence of this 
sugar in barley.—J. Chem. Soc., xlix, 70, Jan., 1866.  G. F. B. 

7. Elements of Inorganic Chemistry; by James H. Sueparp. 
377 pp. Svo. Boston, 1885, (D. C. Heath and Co.)—This little 
book is simple in method and style and aims to instruct the stu- 
dent by leading him to verify the chemical principles by actual ex- 
periment ; faithfully carried out with a judicious teacher it ought 
to produce good results. 

8. Chemical Problems, by Dr. Kart StamMeEr; translated from 
the second German edition with explanations and answers, by W. 
8. Hoskinson. 111 pp. 8vo. Philadelphia, 1885 (P. Blackiston, 
Son & Co.)—The teacher who finds his ingenuity taxed to pro- 
vide numerical problems for his class in chemistry will find assist- 
ance in this collection. The problems are simple and are arranged 
under the successive elements, twenty-seven of these being se- 
lected ; the variety is not very great, and might perhaps have 
been advantageously increased. 


II. AND MINERALOGY. 


1. Bottom deposits from dredgings under the supervision of 
ALEXANDER AGassiz; by the Coast Survey Steamer Blake, Lieut.- 
Commander C. D. Siesper, U. 8. N., and Commander J. R. Bart- 
Lett, U.S. N., commanding. Report on the specimens, by Joun 
Murray. Bull. Mus. Comp. Zool., vol. xii, No. 2, Oct., 1885.— 
The following are some of the facts from this important paper. 
To the results from the dredging of the “ Blake,” Mr. Murray, of 
the Challenger Expedition, has added others by way of com- 
parison from those of the “Challenger.” . 

(1.) Gulf of Maine, and Atlantic border, southward to Cape 
Hatteras.—The bottom deposits from the region between the 
coast and the inner edge of the Gulf Stream, where the greatest 
depths found were 1394 and 1186 fathoms (8364 and 7116 feet), are 
chiefly continental debris, 80 to 85 per cent consisting of mineral 

articles and clay—the former, quartz, feldspars, magnetite, horn- 
lied, augite, mica, tourmaline, with occasional glauconitic 


grains. In latitude 38° 34’ N., the “Challenger” dredged up, in 
1240 fathoms (7440 feet), pebbles of quartz, common and felds- 
pathic quartzytes, mica schist, serpentine and compact limestone, 
none above 6 or 7 cm. in diameter. In 39° 48’ N., the “ Blake” 
brought up similar pebbles, but much larger and some of them 


glaciated ; and in 41° 14’ N., the depth 1340 fathoms (8040 feet), 
the “Challenger” dredged similar rock fragments, with one block of 
syenite weighing five hundred pounds. The region is within the 
influence of the Labrador current and the material is “regarded 
as chiefly ice-borne.” 
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Only a small proportion of the material is of organic origin. 
“The siliceous remains of Diatoms, Radiolarians and $ponges, 
together with arenaceous Foraminifera and glauconitic casts of 
Foraminifera, make up sometimes 4 or 5 per cent. of the deposit. 
In 41° 13’ 53” N. and 65° 57’ 25” W., the depth 810 fathoms (4860 
feet), there were 5°08 per cent of calcareous material consisting 
of Coccoliths, Coccospheres, fragments of Echinoderms (these 
including a few pinnules of Crinoids), and a dozen Foramin- 
ifera of which the Pelagic kinds included Globigerina bulloides, 
G. inflata, G. Dutertrei, Puivinulina Menardii, P. Micheliniana 
and P. Canariensis, and the Bottom-living species were Haplo- 
phragmium Canariensis, Textuluria ——? Bulimina marginata 
Uvigerina pygmea, Truncatulina lobata, ula and Pulvinulina ele- 
gans. The rest of the bottom material was a mud of mineral char- 
acter, partly argillaceous, containing Diatoms, Radiolarians, and 
spicules of sponges. In another dredging in 41° 34’ 45” N. and 
65° 35’ 30” W., the depth 1242 fathoms (7452 feet), the calcare- 
ous portion was 7°25 per cent of the whole. Nearer the coast, 
in 466 fathoms (2796 feet), 39° 50’ 45” N., 70° 11’ W., the gray 
mud was similar to the last and contained 3°46 of calcareous ma- 
terial. Again at a greater depth, 1394 fathoms (8364 feet), the 
gray mud was plastic and contained 16°81 per cent of calcareous 
material; 40 per cent of mineral grains, that is as above stated of 
quartz, feldspars, mica, hornblende, magnetite, olivine, glauconite, 
glassy fragments; 5 per cent of Diatoms, Radiolarians and Sponge 
spicules, and 38°19 per cent of argillaceous nature with fragments 
of siliceous organisms. 

(2.) Between Cape Hatterus and Lat. 31° 48' N.—The materials 
brought up from depths under 1000 fathoms (with two excep- 
tions) were green muds or sands, and were situated beneath the 
Gulf Stream or along its inner margin. The mineral particles in 
the mud are like those north of Cape Hatteras, but finer (seldom 
exceeding 0'4mm. in diameter) and evidently have not been 
transported by ice; they consist of quartz, feldspar, augite, horn- 
blende, magnetite and a few fragments of glassy rocks. There is 
frequently an abundance of glauconitic grains and also grains of 
manganese peroxide. 50 per cent or more of the deposit is 
usually calcareous, consisting of dead shells of pelagic Foramin- 
ifera and Mollusks, fragments of Echinoderms, Bryozoa and Coc- 
coliths. All the tropical species of pelagic Foraminifera occur 
here while rare north of Hatteras; 10 or 12 p.c. consist of 
siliceous organisms, as Diatoms, Radiolarians, iecnsecgindes 
and glauconitic casts of Foraminifera, etc. The finer washings 
are greenish owing to some material not yet investigated, like 
those obtained by the “ Challenger” from similar depths on the 
coasts of Africa, Australia, Japan and China, Many of the de- 
posits might be called Globigerina oozes. Besides these materials 
there are concretions of calvium and manganese phosphate every- 
where; and one such from a depth of 333 fathoms, in 31° 57’ N. 
and 78° 18’ 35” W., from over a hardish bottom, was nine inches 
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in its longer diameter and mottled with black, red and brown 
colors. It was overgrown with sponges, corals and annelids. 
Imbedded in the concretion were two Sharks’ teeth resembling 
those of Lamna, the largest 2} in. long and 1 in. across the base. 
Mr. Murray says that “this tooth is similar to many found by 
the “Challenger” in great numbers in the greater depths of the 
central Pacific, frequently forming the centers of manganese 
nodules ;” but while those of the Pacific always had the interior 
removed, the vaso-dentine of these teeth was well-preserved, as 
in the fossil specimens of South Carolina and Malta. This con- 
cretion has a brecciated character; the fragments were cemented 
by calcium carbonate and manganese oxide, the latter every- 
where penetrating the mass; and in the mass were remains of 
elagic and other calcareous Foraminifera, of Pteropods, and 
ragments of Echinoderms, with many small, rounded glauconite- 
like phosphatic grains. Very similar masses were dredged by 
the “ Challenger,” especially off the Cape of Good Hope but also 
elsewhere. Phosphatic nodules were found in depths less than 
1500 fathoms, but not in deeper deposits far removed from land. 
The above concretion, analyzed by M. Klement, afforded Phos- 
phoric acid 23°53, carbon dioxide 15°56, sulphur trioxide 2°29, 
fluorine 2°28, chlorine 0°16, lime 52°15, magnesia 1°01, loss on 
ignition 3°15, insoluble residue 0°52=100°65. 

At a depth of 457 fath. (2742 ft.) in 83° 19’ N., 76° 12’ 30” W. 
(bottom temperature 40° F.) a greenish coherent mud was ob- 
tained, 59°43 p. c. of which were calcareous; of the mud, 20 p. c. 
were mineral grains, quartz, hornblende, feldspars, glauconite and 

lassy fragments; 5 p. c. were siliceous organisms, Diatoms, 
adiolarians, Sponge-spicules; and 15°57 were argillaceous mate- 
rial, with Diatoms, Sponge-spicules and fine mineral particles. 

The calcareous Foraminifera included (those that were common 
are marked with an asterisk) (a.) Pelagic : * Globigerina (Orbu- 
lina) universa, * G. bulloides, G. conglobata, * G. bulloides var. 
triloba, G. cequilateralis, G. sacculifera, * G. dubia, * G. rubra, 
* Cadeina nitida, Spheroidina dehiscens, *Pullina obliquiloculata, 
*Pulvinulina Menardii, *id. var. tumida, *id. var. fimbriata, P. 
Micheliniana, P:; Canariensis ; (b.) Bottom-living species: Bilo- 
culina ringens, Miliolina seminulum, Bulimina marginata Poly- 
morphina —— ?, Uvigerina pygmea, *Spheroidina bulloides, 
Pullinia spheroides, Truncatulina lobatula, T.——?, Nonionina 
umbiliculata, Nodosaria communis, N. levigata. 

(3.) Off the shores of the Greater and Lesser Antilles.—The 
dredgings were rather near the coasts and at various depths to 
over 2000 fathoms, but mostly under 1000. The mineral particles 
were chiefly from volcanic rocks; a few only were from other 
rocks of the species quartz, tourmaline, mica, epidote; glauconite 
and phosphate grains were rare. The percentage of calcareous 
material was high, frequently 70 or 80 p.c. (in one case, 90°24 
p. ¢.) except where the shores were of volcanic rocks without 
reefs, and here they were volcanic muds. For the most part they 
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should be termed Pteropod and Globigerina oozes, though differ- 
ing from these oozes of the open ocean in the size and nature of 
the mineral particles. 

The siliceous organisms never make up more than 4 or 5 
per cent of the whole, and consist of Radiolarians and Sponge- 
spicules with a few Diatoms. Off the Barbadoes in 221 fathoms 
was obtained a calcareous concretion two inches in diameter; it 
was formed about shells of Foraminifera, etc., each acting as a 
separate center. Off Northern San Domingo, in 772 fathoms 
(4632 ft.) small manganese nodules (the largest 2 in. in diameter) 
were obtained, the interior of which consisted of cemented pelagic 
Foraminifera ; they resembled nodules dredged by the “ Challen- 
ger” in 1525 fathoms near the Cape Verdes. 

In the Old Bahama Channel, at a depth of 438 fathoms 
(2628 ft.), the bottom was a Pteropod ooze or white coral mud; 
87°06 per cent. were calcareous, consisting of shells of Gastero- 
pods, Lamellibranchs, Pteropods and Heteropods, Ostracoids, 
calcareous: Algz, Bryozoans, fragments of Echinoderms, Alcyo- 
nium spicules, coccoliths, Rhabdoliths, and about thirty species 
of Foraminifera. Three per cent were siliceous organisms, 6°94 
per cent argillaceous, 12°94 mineral grains. 

West of Navassa Bank, at a depth of 1050 fathoms (6300 ft.), 
the bottom (temp. 394° F.) was a Globegerina ooze, 62°38 per 
cent sp ee eta and mostly made up of Foraminifera, with 
shells of Lamellibranchs, Pteropods, Heteropods, Coccoliths and 
Rhabdoliths, four per cent consisted of siliceous organisms. 

Off Porto Rico, in 874 fathoms, (5244 ft.), the bottom was a 
coral or Pteropod ooze, 70°66 per cent being calcareous, and 
seven per cent of siliceous organisms. No coral fragments are 
mentioned as having been found. 

Off Santa Cruz, depth 2375 fathoms (14,250 ft.), the bottom 
was a Globigerina ooze, 63°54 per cent being calcareous; 11°46 
argillaceous; mineral grains (including fragments of mica schists 
3 to 5™™ in diameter, feldspars, quartz, mica, hornblende, magne- 
tite) ; and five per cent siliceous spicules of sponges. 

Off Dominica, depth 1131 fathoms (6786 ft.), the deposit was — 
a volcanic mud, with 13°78 per cent calcareous material and con- 
sisting of Pteropods, Echinoderm fragments, Coccoliths and Fora- 
minifera. Off Martinique, in 1224 fathoms (7344 ft.), the bottom 
was a volcanic mud, of which 13°41 were calcareous and included 
Otoliths of fishes, Pteropods, fragments of Echinoderms, Cocco- 
liths and Foraminifera (20 species), and three per cent siliceous 
organisms. Off Grenadines, in 163 fathoms (998 ft.), a yellowish 
brown Pteropod ooze was dredged, with 76°20 per cent calcareous 
and containing 30 species of Foraminifera. Off Barbadoes, in 218 
fathoms (1308 ft.), the bottom (temperature 524° F.) was a Ptero- 
pod ooze or Foraminiferal sand, 38°09 per cent calcareous, and 

-25 per cent siliceous (many Sponge spicules with a few Diatoms 
and one or two Radiolarians, and glauconite). 

(4.) Gulf of Mexico and Florida Straits.—Under 100 fathoms, 
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the deposits vary with the kinds of coasts; and beyond 100 fath- 
oms, they are still determined largely by the greater or less prox- 
imity to the embouchures of rivers or to coral reefs. Throughout 
the region the mineral particles (not calcareous) seldom exceed 
01™" in size and they appear to be wholly derived from the 
rivers of the continent. The calcareous portion consists mostly 
of pelagic Foraminifera and shells of Mollusca. In depths be- 
yond 2000 fathoms, Pteropod and Heteropod shells appear to be 
nearly if not quite absent, the calcareous material being Forami- 
niferal ; but in less depths they are common; and between the 
200 and 500 fathom lines, they make in many places the chief 

art of the deposits. In some places the deposits are chalk-like. 
Of Radolarians and sponge spicules, only three per cent. 

In the Florida Straits there are interesting phosphatic concre- 
tions. In one Mr. Klement found 33°42 per cent of phosphoric 
acid, with 5°80 carbon dioxide, 2°74 sulphur trioxide, 51°90 of 
of lime, magnesia 0°70, iron and alumina 1°56, fluorine 1°21, insolu- 
ble residue 0°21, loss on ignition 2°16, with traces of silica and chlo- 
rine. The presence of so much fluorine in this and the other con- 
cretion analyzed by Mr. Klement is an interesting fact. Mr. — 
Murray observes that “ that there are difficulties in understanding 
how calcium phosphate and calcium carbonate are deposited at 
the bottom of the sea, yet there is no doubt that such a deposi- 
tion does take place under some special circumstances. Their 
solution in the ocean water is an almost universal phenomenon.” 

2. Térnebohm on the formation of quartzite by enlargement 
of the quartz fragments of sandstone; by R. D. Irnvine.—In 
recent publications on this subject (Bulletin No. 8, U. S. Geo- 
logical Survey, and Fifth Annual Report, U. 8. Geological Sur- 
vey) I have attributed to Sorby the first recognition of the process 
of enlargement of quartz fragments, which we now know to have 
been well nigh universal in quartzose fragmental rocks; while at 
the same time showing that several others, including myself, had 
independently observed such enlargements. Recently my atten- 
tion has been drawn to the existence of a paper by Térnebohm 
dating as much as three years before that of Sorby, in which an 
account is given of a red quartzite from Dalecarlia, Sweden, 
formed by this process of enlargement from a sandstone. his 
paper (Geol. Forens. i Stockholm Forh., iii, 217), the original 
of which I have not yet been able to see, is reviewed in the Neues 
Jahrbuch fiir Mineralogie for 1877, p. 210; and the statements of 
the reviewer, evidently reproducing those of Térnebohm, read 
very like some in my own publications. After saying that the 
thin section, as seen in y gg | light, shows the fragments 
sharply outlined by oxide ef iron borders, the reviewer says that 
in the polarized light, “‘the borders of the fragmental grains are 
hardly any longer recognizable; the rock appears as though it 
were a crystalline aggregate of irregularly angular quartz grains, 
exactly fitting one another, just as is the case with the quartzites 
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in general.” The cementing silicic acid has divided itself off into 
areas each of which has attached itself to one of the original 
fragments, forming with it “a crystallographically single indi- 
vidual. Thus the quartz grains enlarged themselves until they 
mutually limitee one another, and filled out all interstitial space, 
so that their form naturally became that of irregularly angular 
grains. The original form of the quartz grains is only now 
recognizable by the dust upon their surfaces; without this dust 
the elastic nature of the rock would be completely obliterated, 
and the whole appear as a crystalline granular quartz-aggregate.” 

It does not appear from this review that Tornebohm was dis- 
posed to extend these conclusions to al! ordinary quartzites, or 
that he appreciated the similarity of origin of the quartzites and 
so-called ‘‘ crystallized ” sandstones. 

Washington, D. C., January 28th, 1886. 

3. A Submarine Crater in the Atlantic near the Canaries.— 
In a paper of much interest on “The North Atlantic as a Geolog- 
ical Basin,” by T. Mettarp Reape (Presid. address to the Liv- 
erpool Geol. Soc., 20 pp. 8vo, 1885), we find it stated, from infor- 
mation received by Mr. Reade from Sir James Anderson, that 
the inequalities of the bottom are very great between Lisbon and 
the Canary Islands; that “off the Burlings we found a crater 
nearly 1,000 fathoms deep, into which the cable [electric] ran, 
and we had afterwards to recover and re-lay it; on the top of 
the crater were 80 fathoms soundings.” “The depression is only 
a few miles in diameter,” while “all around it is under 100 fath- 


oms.” a are abundant; “off the Burlings, 39° 25’ 30” N. 


and 9° 54’ W., the ship had 1,300 fathoms under her bow and 
sounding under the stern they got 800 fathoms.” ‘ Off Lisbon 
and up to the edge of the soundings there are great inequalities, 
which no deubt are due to a chain of mountains in the ocean. 
The problem we have to solve when the cable is laid over such 
places is by numerous soundings to trace out the valleys. Some- 
times we succeed, but sometimes we do not, as often within half 
a mile there are great inequalities, and it would be impossible to 
sound the whole ocean every half mile.” From these and other 
facts maintained in his paper, Mr. Reade concludes that the 
ocean’s bottom is not as even in surface or gentle in its slopes, as 
announced in some recent descriptions. 

4, Geological Sketch of the Island of Antigua; by E. C. 
Purves. (Bull. Mus. Roy. d’Hist. Nat. de Belgique, Brussels.) 
—This paper is accompanied by a colored plate and section show- 
ing successive formations from southwest to northeast, the gen- 
eral trend of them being northwest. They are, commencing to 
the southwest: (1) various volcanic rocks, in hills 800 to 1200 
feet high; (2) Upper tufas which he proves to be of Miocene 
age, with (a) Lower marine limestone with chert, (4) volcanic, 
sand and conglomerate, and (c) chert, of freshwater deposition ; 
(3) Upper limestone and marls with hills of 300 feet, and with a 
narrow sea-border in part of recent horizontal marls. No. 1 and 
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3 have a width of two to four miles, and 2 of 2} to 4 miles. 
There is also a hill (Drews Hill) of trachydoleryte near the cen- 
tral line of the island which is spoken of as a volcanic hill. The 
Lower marine limestone contains shells and fossil corals. Among 
the corals Prof. Duncan identified Alveopora dedalea and Stylo- 
cenea lobato-rotundata Mich., the latter a species occurring in the 
lower limestone of Malta and elsewhere, and Mr. Purves adds 
Prionastrea diversiformis Mich., Solenastreea Turonensis Mich., 
Porites Collegnana Mich., all Miocene species. The dAlveopora 
is a living Red Sea species. Orbitoides Mantelli, recognized by 
Prof. T. Rupert Jones from the chert of Antigua, Mr. Purves 
found in the upper limestone and not in the marine chert; and he 
adds that this foraminifer ranges from the beds of San Fernando 
of Trinidad, referred to the Eocene, to the summit of the Miocene 
of Jamaica. 

The freshwater chert contains species of Melania, Zonites, 
Nematura or Amnicola, Planorbis, Melampus, Neritina, Trunca- 
tella, Pomatias? Of these eight genera, the first three, the 6th 
and the 8th, are not now represented in Antigua ; and the species _ 
of Planorbis, Melampus and Truncatella cannot be identified 
with those now existing there. The genus Zonites is unknown in 
the Antilles and all Central America; and Melania occurs in 
Cuba but not inthe Antilles. A remarkable fact is the faithful 
reproduction, by the silica, not only of the shells, but in certain 
cases, of parts of the animal itself, especially in specimens of 
Melania, and, less well, in those of Zonites, Melampus and Nema- 
tura. 

The shells and corals of the upper limestone and marls have 
been referred to the Miocene by Prot. Duncan. The fossil corals 
are to a large extent silicified; and, besides, the beds contain 
large geodes, made probably through the removal of corals; but 
the limestone remains unsilicified. The silica is referred to the 
waters of hot springs. 

The recent horizontal marls, which make a terrace along the 
northeast coast, contain recent terrestrial shells. But two of 
them, species of Succinea and Helicina, are not now found in the 
island. No human remains have been discovered in the beds. 

The papers by Prof. Duncan referred to are in the Quart. J. 
Geol. Soc., xx, 411, 1863, and xxix, 562, 1873, Geol. Mag., i, 97, 
101, 1864; by Prof. T. R. Jones, Geol. Mag. i, 102, 1864. 

5. Pennsylvania Geological Survey.—The following volumes, 
reports of the 5 ey of the survey, have been recently issued: 

No. C*. Field Notes in Delaware County ; by C. E. Hut, with 
a colored geological map of the county, five engraved colored 
i and thirty-nine photographic views of the Granite Quarries, 

aolin Mines, Serpentine outerops, and the Castle Rocks. Pub- 
lished in advance of the Geological Report on the County, Part 2, 
by J. P. Lesley. 128 Pp. 8vo. Harrisburg, 1885. 

No. RR. Township Geology of Elk and Forest Counties, by 
C. A. AsHBuRNER; of Cameron County, by A. W. Suearer. 
404 pp. 8vo, 1885. 
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No. T°. The Geology of Huntingdon County, by J. C. Waite 
and other assistant geologists; edited by J. P. Lestey. 472 pp. 
8vo, with a colored geological map of the county and other folded 
maps and plates, besides sixty-four page plates, maps and sections, 

No. AA. Atlas (colored) of the Eastern Middle Anthracite 
Field, containing eight folded sheets relating to the portions of 
the Lehigh basins in the vicinity of Hazleton and Drifton, Lu- 
zerne County ; C. A. AsHBuRNER, geologist in charge. 

The first mentioned of these Reports, on Delaware County, 
gives an account of the relations of the serpentine and other crys- 
talline rocks of the County to one another and to the Archean— 
points that will be fully discussed in Part 2 by Prof. Lesley. Only 
the general conclusions are here mentioned. Mr, C. E. Hall states 
that the investigation has demonstrated, through good sections, 
that the schistose gneisses of the region rest unconformably on 
the Archean syenite; that “there are apparently no faults of any 
consequence within Delaware County to cast a shadow of doubt 
on the true relations of the schistose rocks to the Laurentian.” 
Further, the Serpentine rocks are in more or less flexed strata, 
and one in series with part, at least, of the gneisses and other 
schistose rocks that overlie the Archean. The author says that 
“the Serpentine group in this series is the uppermost, or most 
recent, of the mica schists and gneisses of southeastern Pennsyl- 
vania;” and also that “the schists and gneisses, except those of 
the Syenite group [the Archean], belong to a more recent forma- 
tion than the Hudson River age” [top of the Lower Silurian]. A 
table on page 8 represents these gneisses and schists in three 
series, the Serpentine as belonging to the upper of the three, and 
all as probably metamorphosed Devonian. The lowest of the 
three schistose groups contains “coarse mica schists and gneisses, 
feldspathic and hornblendic gneiss;” and the upper, serpentine, 
limestone, garnetiferous schist, corrugated ligneous schists and 
micaceous sandstones, hornblendic gneiss, and feldspathic mica- 
ceous gneiss.” 

The kaolin of the county is in extensive deposits. The par- 
ticular feldspathic rock from which it is derived is not yet ascer- 
tained. 

6. Fossil Scorpion from American Rocks, and other fossils.— 
Mr. R. P. Wui1FiELp has a paper, illustrated by two plates, on 
American Silurian Scorpions, Bulletin No. 6 (vol. i) of the Ameri- 
can Museum of Natural History; and the same paper contains 
reproductions of the figures of the Gothland and Lesmahagow 
Upper Silurian Scorpions. The American species is from the 
Waterlime beds at Waterville, N. Y., and is named Proscorpius 


Osborni (Paleophonus Osborni of Whitfield in Science for 1885). 
The specimen was at least one and one-half inches long, and re- 
sembles much the living scorpions in general form. Mr. Whit- 
field observes, in his concluding remarks, that he is inclined to 
believe the animal to have been aquatic in its habits, and that we 
have in it a link between the true air-breathing Scorpions and the 
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Eurypterids. In the Swedish and Scottish specimens the abdo- 
men ends in a stout spine, like modern Scorpions; in the Ameri- 
can this portion is absent from mutilation. 

The same number of this Bulletin contains descriptions, by Mr. 
Whitfield, of a new Lituites (Z. Bickmoreanus Wh.) from the 
Niagara limestone at Wabash City, Indiana, and of a Homalono- 
tus (ZZ. major Wh.) from the upper part of the Oriskany Sand- 
stone of Ulster Co., N. Y. The Homalonotus had a breadth of 
five and one-half inches, and, judging from the large but imper- 
fect specimen, was probably fifteen and one-half inches long. 

7. Mineral Resources of the United States. Calendar years 
1883 and 1884, by AtBert Witttams, Jr., Chief of Divison of Min- 
ing Statistics and Technology. 1016 pp.8vo. Washington, 1885. 
(U. S. Geological Survey, J. W. PoweE t, Director).—This report, 
the second of the series, brings the statistics of the mining indus- 
tries of the United States down to December 31, 1884. It is a 
large volume containing a vast amount of valuable information 
on a wide range of topics. The successive chapters on coal, coke, 
petroleum, natural gas, the metals, gold, silver, copper, lead, etc., 
also on building stones, clays, precious stones, phosphates, salt 
and so on, have been for the most part prepared by specialists, 
whose united contributions, with the labors of the editor, make a 
work of more than usual importance. 

8. Contributions to Mineralogy ; by F. A. Genta.—Dr. Genth 
has added another to his important papers on Chemical Miner- 
alogy, giving the results of much caretul work. The following 
are some of the more interesting analyses: 

Joseite from San José, Brazil: Te 14°67, Se 1°46, S 2°84, Bi 81°23 
=100°20. 

Galenobismutite from Sweden: (%) S 9°75, Se 12°43, Bi 49°88, 
Pb 27°88, Ag 0°33; specifie gravity 7°145. The formula is Pb(S, Se) 
+ Bi,(S, Se), with S:Se=2: 1. 

Argentobismutite (Silberwismuthglanz of Rammelsberg) from 
Lake City, Colorado: 8 [16°66], Bi 52°89, Ag 26°39, Pb 4:06=100; 
the formula is Ag,S+Bi,S, with a little lead probably replacing 
part of the silver. 

Cosalite from the Alaska mine, Colorado: 8 16°80, Se ¢., As 
0°04, Sb 0°51, Bi 44:95, Pb 28°10, Cu 8°00, Ag 1°44, Zn 0°24=100°08. 
Also from the Gladiator mine: ($) 8 17°17, Sb 0°84, Bi 45-09, Pb 
24°61, Cu 5°84, Ag 5°75, Zn 0°58=99°88. 

Beegerite from the Treasury Vault mine, Park county, Colorado : 
$ [14°59], Bi 19°81, Pb 50°16, Ag 15°40=100. 

Tetrahedrite from the Governor Pitkin mine, associated with 
: (3) 25°97, As 3°22, Sb 25°51, Bi 0°37, Cu 37°68, Ag 0°60, 

n 7°15, Fe 0°64, Mn 0°10=101°24; specific gravity 4°885. 

Polybasite trom the Terrible Lode, Clear Creek county, Col. ; 
S [16°70], Sb 10°18, As 0°78, Ag 62°70, Cu 9°57, Fe 0:07=100: spe- 
citic gravity 6-009. 

Arsenopyrite from Northern Alabama: S 18°32, As 47°10, Fe 
33°84, Cu 0'70=99°96. 
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Vanadinite from Wanlockhead, Scotland: V,O, 18°04, P,O, 0-27, 
As,O, 0°34, PbO 78°39, Cl 2°53=99°57. 

Annabergite from the Gem mine, Silver Cliff, Colorado: As,O, 
36°64, NiO 32°64, CoO 0°50, CaO 3°51, MgO 3°74, H,O 23-94 = 
100°95.— Amer. Phil. Soc. Philad., Oct. 2, 1885. 

9. Brief notices of some recently described Minerals,—- LAVENITE 
is a mineral of chestnut-brown to yellowish color occurring in 
monoclinic prismatic crystals. The elements are a: 6: ¢ (vert.) = 
1°0811: 1: 0°8133, 6=71° 244’. Cleavage parallel to the ortho- 
yee Specific gravity 3°51. An analysis by Cleve yielded : 

iO, 33°71, ZrO, 31°65, Fe,O, (?) 5°64, MnO 5:06, CaO 11°00, Na,O 
11°32, ign. 1°03=99°41, which makes it related to catapleiite, euco- 
lite, ete. The locality is a small island, near Stoké, in the Lange- 
sundsfjord, Norway.— W. ('. Brogger in the Geol. For. Forh., 
vii, 598. 

CaPPELENITE occurs in hexagonal crystals (e=0°4301) of a brown 
color, a greasy to vitreous luster on fracture surfaces. No distinct 
cleavage. Specific gravity 4-407. An analysis by Cleve yie!ded: 
SiO, 14°16, B,O, [17°13], Y,O, 52°55, La,(Di,)O, 2:97, Ce,O, 1°23, 
ThO, 0-79, BaO 8°15, CaO 0°61, Na,O 0°39, K,O 0-21, H,O i-81= 
100. Occurs very sparingly in small vein of augite-seyenite on 
the Lille Aré in the Langesundsfjord, Norway.— W. C. Brogger 
in Geol. Fir. Forh., vii, 599. 

PINNOITE is a new borate of magnesium from Stassfurt. It 
occurs with boracite and picromerite (kainite). It is massive, 
fine-granular to compact though with sometimes a slightly fibrous 
structure. The color is sulphur- to straw-yellow or pistache-green. 
The hardness is 3 to 4 and the specific gravity 2°27. The mean 
of several analyses by Stromeyer yielded: B,O, [42°50], MgO 24°45, 
H,O 32°85, Fe 0°15, Cl 0°18, tor which the formula MgB,0,+3H,O 
is calculated.—H. Staute in Ber. d. Chem. Ges., xvii, 1584, in 
Jahrb. Min., 1885, i, 378. 

AVALITE is a new chromium mineral from the quartzite of 
mercury mines of Mt. Avala near Belgrade. The original mineral 
was a green earthy substance, very impure, but finally for the 
most part separated by chemical and mechanical means from the 
admixed minerals. An analysis of the purest material, consisting 
mostly of emerald-green scales as seen under the microscope, 

ielded: SiO, 56°13, Cr,O, 14°59, Al,O, 14°37, K,O 3°54, Fe,O, 1°10, 
gO 0°43, chromite 1°68, water (hygroscop.) 2°39, ignition 5°38= 
99°61.— Losanitsch, ibid, 1885, ii, 409. 

POLYARSENITE—SARKINITE.—These are described as two new 
Swedish arsenates of manganese; they may prove, however, to be 
the same species. The former, polyarsenite, is stated by Igel- 
strém (Bull. Soc. Min., viii, 370) to occur massive, without cleav- 
age, with the hematostibiite of the same author (Bull. Soc. Min., 
viii, 143), in veins in calcite imbedded in tephroite. It is yel- 
lowish red, transparent. According to Bertrand it is optically 
biaxial with a negative acute bisectrix. An analysis by Séder- 
baum is given (I) below. The locality is the Sjé mines in Sweden. 
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Sarkinite, as stated by A. Sjégren (Geol. For. Forh., vii, 724), 
occurs massive with two cleavages but the crystalline system 
unknown. The color is light red, and the luster greasy. An 
analysis by Lundstrém gave the results (II) below. The locality 
is Pajsberg, Sweden. 

P20; MnO FeO CaO MgO PbO H.0 (CO, insol. 
I, 3904 121 — 5018 tr 288 075 — 315 351 — =100-72 
IL. 41°60 — 0-21 51°60 0°13 1:40 0°98 0-25 3:06 0°76 0:38=100°37 

Uiytanire is an asphalt-like hydrocarbon from the Uintah 
Mts., Utah. It is obtained in masses several inches in diameter, 
brittle and breaking with a conchoidal fracture. Its hardness is 2 
to 2°5, specific gravity 1:065 to 1°075; the color black and lus- 
trous. It fuses easily in the flame of a candle, burning with a 
brilliant flame like sealing-wax and like this giving a clean sharp 
impression of a seal. It dissolves in heavy petroleum, also in oil 
of turpentine when warmed; but not by ordinary alcohol nor b 
ether when in fragments. It forms with melted wax a hard blac 


mixture, resembling “burnt wax.”— W. P. Blake in The Engi- | 


neering and Mining Journal, Dec. 26, 1885. 


III. Borany AND Zoo.oey. 


1. Contributions to the Flora of the Peruvian Andes, with 
Remarks on the History and Origin of the Andean Flora; by 
Joun Batt, F.R.S., M.R.LA., F.LS., &c. Extr. Journal of the 
Linnean Society, Botany, xxii, pp. 1-64. Read November, and 
published in December, 1885.—The personal observations and the 
collections upon which this essay was founded were made in 
April, 1882, in an excursion by railway from Lima up to Chicla, 
which although only 75 miles in distance, is at the elevation of 
12,220 English feet. Much to his surprise, Mr. Ball found that at 
this elevation, he had not yet reached the alpine region, which 
really begins about 2000 feet higher. This is three or four 
thousand feet higher than Grisebach had placed it, on the author- 
ity of Tschudi and Humboldt: yet is only what we should expect, 
since the proper alpine vegetation of the Rocky Mountains in 
lat. 40° N., hardly descends below 10,000 feet, and the oscilla- 
tions of temperature in the Peruvian Andes are small. 

Equally mistaken, Mr. Ball suspects, must be the common view 
that the flora of the tropical Andes is scanty in species as com- 
pared with high mountain floras in general. He makes some 
comparisons from which he infers that the paucity is apparent 
rather than real, and may be attributed mainly to the paucity of 
collections in the Andes, since these vast regions have been visited 
at very few points and far between. 

About a quarter of the Andean phenogams is of Composite, 
which is double their ratio in N. America, which again is greater 
than that of any other continent. The characteristic and the 
most abundant Andean Composite are the Mutisiacew. Mr. 
Ball, referring to Bentham’s indication of the complex affinities of 
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this group, ventures “to believe that under Mutisiacew are in- 
cluded very many different lines of descent, but that among them 
there are some minor groups distinguished by very high relative 
antiquity.” And in another connection he opines “ that the argu- 
ments that have led some distinguished botanists to consider the 
great family of Composite as of comparatively recent origin to 
appear to me altogether inconclusive. When I consider the vast va- 
riety of forms which it includes, the degree in which some large 
groups are localized in different regions of the earth, while others, 
such as Senecio, have representatives in every zone, I shrink 
from the conclusion that their origin can be, even in geological 
language, at all recent. It is, of course, not inconceivable that 

lants which we class together under the name Composite may 

ave come into existence by different lines of descent through 
gradual modification from different ancestral types. But, when 
we consider the general agreement in the structure and arrange- 
ment of the essential organs, I think that the balance of proba- 
bility inclines decidedly towards the belief in a community of 
origin of all the various existing forms. Be that as it may, we 
are, I think, justified in looking to the mountain region of Bonth 
America as the original home of many large groups, such as the 
genus Baccharis, most of the DMutisiacew, and many genera of 
other tribes.” 

As to these two suggestions, although it is practically conven- 
ient, and perhaps necessary, to bring all the Labiatiflorous Com- 
posite under one tribe, as Bentham has done, it seems to us alto- 
gether probable that the existing forms are descended from different 
lines of ancestry. Indeed by such a conception we can more 
naturally understand their diverse affinities. But as to the great 
order they belong to, if there is any large group in which the 
structure suggests community of origin, it is the Composite. 
And we suppose that systematic botanists of large experience 
would entirely agree with Mr. Ball, that the wide differentiation 
and distribution of this vast order indicated its high antiquity. 
Our author has assigned some strong reasons for this opinion. 
The only argument to the contrary, that we know of, is an ideal 
one, based upon two suppositions ; one, that Dicotyledons culmi- 
nate in the Composite and in such-like orders; the other that the 
highest ideal type of plants must be of the latest evolution. But, 
indeed, the vegetable commonwealth shows no tendency to cul- 
minate in any one group or set of groups; and it is a question- 
able morphology which would promote the capitulum of a thistle 
or a dandelion to the head of the class. 

We remember an interesting lecture, in which, recognizing 
the dominant part which the northern hemisphere and its 
boreal lands, with their favorable configuration, have undoubt- 
edly played in floral distribution, it was inferred that the 
réle of the southern had always been comparatively insignifi- 
cant. But a great deal may have happened in the austral 
regions before this boreal supremacy was established. Mr. Ball 
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several years ago brought forward his doctrine of the very high 
antiquity of our actual temperate and alpine floras, of their 
co-existence in highly elevated regions of low latitudes even in 
early times. So now, applying his former conclusions to the 
southern hemisphere, and to “a period remote even in geological 
language,” he notes that “ the special generic types of the antare- 
tic flora” “ belong without exception to the great groups or nat- 
ural orders which are now almost universally diffused throughout 
the world ; and the ancestral types from which they originated 
were probably carried to that region at a remote period, when the 
physical conditions of the earth’s surface were widely different 
from those now prevailing.” “ Various considerations tend to the 
conclusion that the dispersal of the chief cosmopolitan genera of 
plants may have coincided with the period of the older secondary 
rocks; and at that period physical agencies far transcending those 
of our experience prevailed throughout the earth. If the ances- 
tors of the antarctic types of vegetation were then established in 
a south polar continental area, and were developed from them by 
gradual modification, I see no difficulty in believing that they may 
have maintained themselves through successive gradual changes - 
of physical conditions within the same region, and even that some 
ao still survive within the Antartic Circle.” 

hether or not one accepts the idea of such high geological 
antiquity which Mr. Ball claims for what he calls Cosmopolitan 
types, we must wholly agree with him in his use of this name for 
them, in preference to that of Scandinavian. The latter term 
was used by Hooker before the relation of the present flora of 
our temperate zone to a former high-northern vegetation was made 
clear, and before the types in question could “with more reason 
be referred to North America than to Scandinavia.” Mr. Ball’s 
remark that, as to many of them, “the balance of evidence points 
to an original home in the high mountains of lower latitudes” 
chimes in with his favorite and original doctrine. And this indeed 
seems likely to gain ground the more it is considered and applied, 
as he is applying it, to the explanation of actual distribution. 

The interesting problem is to discriminate, as well as may be, 
the two commingled elements of the northern temperate floras, 
one of arctic, the other of more endemic mountain origin. An 
interesting Lf omega as concerns Central Europe, is made in 
Heer’s Nival Flora of Switzerland, a posthumous work, published 
by the Société Helvetique des Sciences Naturelles, of which a 
summary is given in Nature for Dec. 31. 

The following idea is extremely suggestive. ‘In a zoological 
as well as a botanical sense Brazil is one of the most distinct and 
separate regions of the earth. It is in large part a granitic re- 
gion, from which vast masses of superincumbent strata have been 

enuded, and where the granite itself has undergone a great 
amount of decay and ablation. We there see the ruins of one of 
the greatest mountain masses of the earth, where a very ancient 
flora and fauna were developed, of which portions were able to 
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migrate to a distance, while others have been modified to adapt 
themselves to the gradual changes of the environment. Many 
vegetable groups, which are but slightly represented in the higher 
region of the Andes, such, for instance, as the Melastomacee, 
probably had their origin in the mountains of ancient Brazil.” 

We are now only beginning to reach some conception of the 
réle which the Andes and their prolongation through Mexico have 
taken in determining the character of no small part of the North 
American flora. Following up some ideas which were touched 
upon in this Journal (vol. xxxviii, Nov.,1884, p. 340) and else- 
where, Mr. Ball writes :— 

‘When we consider that, although subsidence has probably at 
various times separated the two portions of the continent, the 
highlands of Mexico and Central America have, in all probability, 
served during long periods as a bridge over which some portions 
of the mountain vegetation may have been transferred from North 
to South, and vice versa, we are led to feel surprise rather at the 
separations now existing than at the presence of many genera and 
of a few identical species in the flora of the Andes and that of 
the Rocky Mountains. It is true that I have reckoned as Andean 
genera and species many that extend northward as far as Mexico; 
and it may well be that that region, so rich in varied forms of 
vegetation, is the original home of some that now appear to be 
more fully developed in the mountain ranges of Western North 
Ameriea. Among the wide-spread American types we must note 
two natural orders whose original home may with some confidence 
be placed in the northwestern part of the continent. The Pole- 
moniacece, of which about 140 species belong to that region, are 
represented in the Andes by five species of Gilia, one of Collonia, 
and by the endemic genus Cantua. They have sent to the Old 
World two or three species of Phlox in Northern Asia [we be- 
lieve only une, and that not far over the border], and a single 
emigrant which has reached Britain—the Jacob’s Ladder of old- 
fashioned gardens,—which maintains a struggling existence in 
several isolated spots in Europe. The other specially American 
family is that of the Hydrophyllucew, of which 12 genera are 
known in N. America, but which is represented in the Andean 
chain by only fourspecies of Phacelia.” The Loasacee illustrate 
the opposite course of migration. 

A list of the plants which Mr. Ball collected in the upper valley 
of the Rimac in the Peruvian Andes, with various annotations 
and the characters of some new species, concludes the present 
interesting contribution to Andean botany. We believe that a 
second paper upon the subject may be expected. Two or three 
comments upoi individual plants of the list will bring our review 
to a close. 

Erodium cicutarium.—Although Mr. Ball notes the wide dif- 
fusion of this old world species in South America, and that it 
attends the distribution of cattle, he seems at a loss to account 
for its presence in the Peruvian Andes at the height of 12,500 
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feet. He supposes that it has not shown the same readiness to 
establish itself in North America. This is true of the Atlantic 
but not of the Pacific side. In California and the adjacent dis- 
tricts the A/jilaria, as it is popularly called, has taken such full 

ossession that we can hardly convince even the botanists that it 
is an introduced plant. The authors of the Botany of California 
speak of it as “more decidedly and widely at home throughout 
the interior than any other introduced plant, and, according to 
much testimony, it was as common throughout California early 
in the present century as now. . . [t isa valuable and nutritious 
forage plant, reputed to impart an excellent flavor to milk and 
butter.” AtSanta Barbara and other parts of southern California, 
it is used for lawns around dwellings, and it seems to be the only 
resort. It makes a passable substitute for grass so long as the 
rainy season lasts or irrigation is kept up. It must have been 
brought in with the earliest cattle, and have found on the Pacific 
coast a perfectly suitable climate. 

Caldasia of Lagasca, Mr. Ball shows us, must be restored as 
the name of the genus named Oreomyrrhis by Endlicher. 

Relbunium, wpon a general survey of the species, will in our - 
opinion be found quite untenable as a genus. 

Phacelia circinata, which extends almost from one end to the 
other of the American continent, is said to be singularly constant, 
exhibiting no marked varieties. But we have in North America 
a remarkable diversity of forms, the extremes of which, by them- 
selves, no botanist would refer to one species, although inter- 
mediate forms inextricably combine them. A. G. 

2. J. C. Lecovrer, Monographie du Genre Thalictrum. Gand. 
1885, pp. 249, 8vo, tab. i-v.—This monograph makes a large 
part of the 24th volume of the Budlletin de la Société Royale de 
Botanique de Belgique, in which the larger part was published 
early in 1885, the remainder in January, 1886. Botanists may be 
glad to know that it is also issued as a separate volume (for 12 
francs) ; and may join in our regret that the original pagination 
is not preserved, nor in any way indicated, nor, indeed, do we 
find any indication in the separate issue that the author’s work 
was wos Po by the Royal Botanical Society of Belgium. This 
seems hardly fair to the Society ; and the new paging without 
reference to that of the Bulletin gives biblographical trouble; for 
some will cite from the Bulletin, as they ought, and others from 
the separate issue. 

The monograph is a laborious and faithful piece of work. We 
have only a small part of the genus in North America, in fact 
barely a dozen species out of the 79. And we now count Ane- 
monella of Spach ( Thalictrum anemonides), as a distinct genus of 
a single species. But our few Thalictra are encumbered with 
many difficulties, both in the limitation of the forms and in no- 
menclature. In respect to them M. Lecoyer’sinvestigations in the 
herbaria have much helped out our own notes made at various 
times. He confirms the impression we had formed from an in- 
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spection of the plant in the Banksian herbarium that 7! rugosum 
of Pursh is the old world 7. glaucum, wrongly attributed to an 
American origin. And he shows, what we might have made out 
at first, that the Thalictrum figured and described in Cornuti’s 
book must have been 7. aquilegifolium of Europe. An inspec- 
tion of Morison’s figure brings the conviction that he copied from 
Cornuti, with some change to adapt it to the space. So that the 
name 7. Cornuti L., founded on these, must subside. 

Our tall polygamous species, with clavate filaments and short 
blunt anthers must therefore take some other name. Lecoyer 
brings up that of 7: corynellum DC., Syst., on the ground that 
the earlier names, 7: polyganum Muhl. and 7: pubescens Pursh, 
were founded on mixed material. This is true as concerns Pursh’s 
T. pubescens. But Muhlenberg’s name, the earliest of all, is pure, 
as the specimen he sent to Willdenow shows, and which Lecoyer 
has seen ; and his description in his unpublished Plorula Lancas- 
triensis is explicit. We call this the earliest published name ; for 
it is in the first edition of his Catalogue (1813) with a character 
“smooth, polygamous,” which, however short, distinguishes it 
from any other of the Atlantic States. 

T. purpurascens L., the remaining species which Linneus re- 
ferred to North America, Lecoyer also suppresses; but we think 
on insufficient grounds, into which this is not the place to enter. 
We ought sometimes to strain a point rather than abandon a 
Linnean name. Lecoyer doubts if we can fully distinguish the 
two species which were referred to 7. purpurascens, i. e., 7. 
revolutum DC., and 7. dasycarpum Fisher and Meyer. If he 
could have studied the variations of this species as he has those 
of Z. minus of Europe (of which he enumerates over 200 syno- 
nyms) he would most probably have combined them. And if he 
really knew the well-formed fruit of 7: occidentale, he might not 
have reduced the species to the eastern 7. dioicum, although 
there are some intermediate forms. A. G. 

3. Nomenclature for Fossil Leaves, etc.—Dr. Natuorsr con- 
tributes an article on this topic (Benennung fossiler Dikotylen- 
bldtter) to the current volume of the Botanisches Centralblatt, (nos. 
1, 2, 3), containing suggestions which, we suppose, most syste- 
matic botanists would agree to and recommend to the phyto-pale- 
ologists. The substance of his doctrine is, that scientific names, 
for fossil as for existing plants, should as nearly and as — as 
— express our actual knowledge, neither more nor less 

or instance, the imprints of leaves which can be certainly or con- 
vincingly referred to existing genera, will of course bear the 
generic name. When the genus is certainly known to occur in 
the given stratum, by its fruit or in some cases by very character- 
istic venation of the leaf, all is clear. But asa rule, in formations 
older than the Pliocene, fossil imprints should not be referred to 
living genera without such evidence. It would much better 
represent the facts, in such cases, to employ the name of the prob- 
able genus prefixed to phyllum: e. g. Aceriphyllum, Magnoli- 
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phyllum, etc. This does not exclude such fossils from the genus, 
while it does indicate the actual uncertainty. Nathorst adds a 
note to deprecate the opposition which may be raised against the 
admission of such names when the prefix happens to be Latin, 
or at least not Greek; but he fortifies his ground with DeCan- 
dolle’s apposite remark that such hybrids are quite as good as 
bureaucracy, centimeter, decimeter, and the like. Moreover, when 
leaf-imprints from widely separated localities apparently belong to 
the same species, yet with some difference, it is better to have 
this difference indicated in the nomenclature by making the name 
ternary ; e. g. Acer trilobatum Japonicum. Figures of fossil leaves 
which represent outlines only, without indications of the exact 
nervation, are nearly useless for classificatory purposes. All leaf- 
impressions should be carefully figured, photographically or other- 
wise: but those that are really not determinable should not be 
named at all. They may be compared and studied as well with- 
out names as with them ; and while nameless they are not mis- 
leading. A. G. 

4, Erythree FEexsiccate. Fase. Il, 1885.—This is 
issued in the same sumptuous style as the first part. We see 
with gratification that the appeal to American botanists for ma- 
terial begins to find response. In this volume, of 16 sheets, con- 
taining species No. 13 to No. 25, the following are N. American. 
Erythrea Douglasii in a typical state, #. nudicaulis in the same, 
E. calycosa, var. Arizonica, EH. venusta, and a new one named 
E. curvistaminea, which the author brings near to £. Douglasii, 
and others may identify with that species. For the curvature of 
the stamens is probably an incident of the dichogamy, in the 
manner of Sabbatia, which all the large-flowered North American 
species exhibit. Attention is called to this in the Synoptical Flora, 
vol. 2, part 1, second edition, p. 405. The American contributors 
to this fasciculus, Messrs. Pringle, Suksdorf, and Orcutt, are 
mentioned on the title-page. We have still several species and 
forms which ought to be represented in this authentic illustration 
of a difficult genus. A. G. 

5. F. Bucuenav, in Engler’s Bot. Jahrbiicher, vol. vii, 1885, 
has published a critical synopsis of the European Juncacee, partly 
with reference to Nyman’s Conspectus, and with full indications 
of the principal European exsiccate. Dr. Buchenau is the acknow- 
ledged master of this subject, and his views concern several of our 
American species as well. A. G. 

6. Ferpinanp Pax, in the same fasciculus of Engler’s Jahr- 
biicher, having already discussed the general structure and mor- 
phology of the Maple genus, has now given us the first part of his 
monograph, comprising four of his fourteen sections, the Rubra, 
Spicata, Palmata, and Trifoliata. We shall probably pass the . 
work in review when it is all published. Meanwhile, pace Paci, 
we have small belief in the two species near A. rubrum which he 
has characterized from old herbarium specimens collected by 
Kinn, and preserved in the Berlin herbariam. A. G. 
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7. R. Spruce, Hepatice Amazonice et Andine.—This elabo- 
rate monograph fills the two parts of the fifteenth volume of the 
Transactions and Proceedings of the Botanical Society of Edin- 
burgh (1884—5),—nearly 600 pages of letter press, including a full 
index of genera and species, and 22 neat lithographic plates. All 
that remains to the completion of Mr. Spruce’s indefatigable 
labors is the promised introduction, relating to “ the physical fea- 
tures of the regions explored, and their connection with the vege- 
tation, especially the hepatic vegetation, with critical remarks on 
certain of the genera and species.” The author’s illness has pre- 
vented the appearance of this in the present volume. We join 
in the hope that he may be able to present it in a supplement. 

A. G. 

8. Synoptical Flora of North America; by Asa Gray.—A 
revised edition of the published portions of this work, viz: of the 
Gamopetalous Dicotyledons complete, is just issued in the form 
of a single volume, which, with the supplements and new indexes, 
now fills nearly a thousand pages, imperial octavo. In order to 
bring this work more generally within the reach of those inter- 
ested in botany, the price of these two volumes in one is reduced 
one half, namely to five dollars. It may be procured as before, 
of Wm. Wesley, Essex St., London; O. Weisel, Leipsic ; Ivison, 
Blakeman, Taylor & Co., New York and Chicago; and also from 
the Herbarium of Harvard University, Cambridge, Mass., by ad- 
dressing the Curator. The latter can also supply a few copies 
of the Supplements and Indexes contained in this new edition for 
one dollar. 

9. Prodromus Faune Mediterranee, Pars II, Arthropoda, by 
J. Vicror Carus.—Part II of this valuable Prodromus of all 
Mediterranean animal species carries the first volume from pages 
283 to 526, and ends with the genus Plagusia among Crustacea. 


TV. AsTRoNoMY. 


1. Comets (Fabry) and (Barnard); E. Wxiss in Astrono- 
mische Nachrichten, Jan. 25.—The elements and ephemeris of 
Comet (Fabry) are by Dr. S. Oppenheim and are subject to 
some uncertainty. Those of comet (Barnard) are by Dr. Hepper- 
ger from observations of Dec. 5, 15 and 31, 1885. 

Comet (Fabry). 
T=April 4°180, Berlin m. t. 
=188° 41’ 11’ 
36 12 1 18860 
t= 80 52 49 
log g=9°79386 
1886, Berlin m. t. a 6 log 7. log D. 
March 2.5 23h,21"Im. +29° 427 0°0169 02148 
23 +39 59 9 8578 0°0377 
23 39°6 +46 42 9°8494 9°7989 
3 1071 +55 47 99117 9°2489 
8 21°3 +16 31 9°9989 9°4305 
9 12°2 —27 49 00819 9°8929 


Brightness Dec. 1=1. 
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Though the brightness at the nearest approach may vary greatly 
from the estimates, there is no doubt that during the last of 
April and the first of May this comet will be a brilliant object— 
aided by the facts that at that time the comet is circumpolar and 
moonlight will not interfere. 
Comet (Barnard). 
T=1886. May 2°7855, Berlin m. t. 
188° 13’ 38” 
O= 68 25 57 } 1886-0 
a= 83 50 24 
log g=9°676952 
1886, Berlin m. t. log r. log D. 
March 1.0 . 56°6m, 0°1505 0°2416 
16.0 0-0640 0°2315 
31.0 99520 —-0°1998 
April 15.0 98072 
30.0 ‘ 96815  9°9857 
May 15.0 97498  9°7080 
30.0 9°9019 95609 
June 14.0 00259 98182 


Brightness Dec, 5=1. 


According to the above table this comet also will be a conspicu- 
ous object at the same time as the other. We must therefore 
anticipate the unusual occurrence of two bright comets appearing 
in the same month, and on May Ist not very far apart. Comet 
(Barnard) passes its line of nodes May 20, which line the earth 
passes May 29. Comet (Fabry) passes its line of nodes May 8, 
which line the earth passes April 27, but by later elements this 
comet crosses the ecliptic April 25. It is therefore not impos- 
sible that the comet may be projected on the sun’s disc on the 
26th or 27th of April. 

Note by the translator.—Comet (Fabry) on May Ist, about the 
time of its greatest brightness will be high up in the N.W. dur- 
ing the evening. Comet (Barnard) will be situated about 30° 
S.W. from it, setting in the N.W. at about 8.30, so that both 
comets will quite probably be visible together to the naked eye 
near the end of twilight. At its greatest brightness comet 
(Barnard) rises about two hours before the sun. Ww. B 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Isaac Lea Bibliography (being No. 23 of the Bulletin of 
the U. 8. National Museum, and No. 11 of Bibliographies of Amer- 
ican Naturalists); by N. P. ScuppEr. Department of the Interior. 
lx and 278 pp., 8vo.—This volume contaius a biographical sketch 
of Dr. Isaac Lea, which occupies pages i to lx, and a detailed 
bibliography covering the remaining pages. The great extent of 
the scientific publications of Dr. Lea, the large number of new 
species he has described, and the high value of his work render 
this bibliography one of special importance to American science. 
It mentions all the species of his papers in chronological succes- 
sion, gives references to plate and figure as well as page, and 
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states the locality of his specimens ; and later the references are 
grouped for each species alphabeticaily arranged. The bibliog- 
raphy is thus a complete index. Besides this, paragraphs are 
cited where questions of distinctive characters or of dates or pri- 
ority comein. Dr. Lea’s contributions to science, though mostly 
zoological and paleontological, also embrace valuable geological 
and mineralogical papers. The first of his papers appeared in 1818, 
in the Journal of the Academy of Natural Sciences of Philadelphia, 
and related to the minerals found near that city. The first paper 
on Unios was published in 1827; the last on Unios, nearly 50 
years later, in 1874; and the last of his publications—mineralog- 
ical, like the first, and treating of the Inclusions in Gems, ete., 
from original microscopical observations, was issued in 1876. 
This last subject is still a source of work and enjoyment with Dr. 
Lea who, it is a pleasure to know, although now in his 94th year, 
is still “ blessed with good health, his mental and physical facul- 
ties unimpaired.” 
OBITUARY. 


Joun L. Campsett, Professor of Geology and Chemistry in 
Washington and Lee University, died at Lexington, Virginia, on 
the second of February last, in his sixty-fifth year. Professor 
Campbell’s scientific work was chiefly in the department of 
Geology, and valuable papers by him on Virginian Geology, 
showing careful field work, are contained in this Journal. His 
last paper is the Review of the Geological Reports of Professor 
Wm. B. Rogers, the closing part of which is published in the 
present number. He entered upon his professorship at Lexington 
in 1851. He had the affection and respect of his students, and 
was esteemed by all who knew him for his great excellence of 
character. He leaves several sons and daughters, and one, Pro- 
fessor Harry Campbell is already an active geologist, and has for 
some time been associated with his father in his geological work. 

Geology, Chemical, Physical and Stratigraphical, by JosePpH PRESTWICH, M.A., 
F.R.S., F.G.S. Vol. i. Chemical and Physical, 478 pp., large 8vo, with colored 
maps and numerous figures. Oxford, 1886. (Clarendon Press.) 

The Fishery Industries of the United States, by G. BRowNE GOODE and his as 
sociates, U. S. Commission of Fish and Fisheries. Section I, Natural History of 
Useful Aquatic Animals, with 277 plates, making 1 vol. 4to of text of 896 pp. and 


1 vol. of plates. 

Contributions to Canadian Palzontology, by J. F. WHITEAVES. Vol. i, 88 pp., 
with 12 plates on the Invertebrata of the Laramie and Cretaceous of the vicinity 
of the Bow and Belly Rivers, etc. Montreal, 1885 (Dawson Bros.). Geol. and 
Nat. Hist. Survey of Canada. 

Bulletin of the Chemical Society of Washington, No. 1, Jan. 12, 1884, to Jan. 
14, 1886, 28 pp., 8vo. 

Bulletin of the Scientific Laboratories of Denison University, Granville, Ohio, 
edited by C. L. Herrick, Prof. Geol. and Nat. Hist. Vol. i, with 15 plates. De- 
cember, 1885. Contains a number of valuable geological and paleontological 

apers. 
i Siasovtions on the Junction between the Eastern Sandstone and the Kewee- 
naw Series on Keweenaw Point, Lake Superior, by R. D. Irving. Bull. U.S. 
Geol. Survey, No. 23, 1885. 

The Hoosier Naturalist, R. B. Trouslot, Editor, January, 1886, vol. i, No. 6, 
pp. 73-96, 8vo. Valparaiso, Indiana. 
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